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ABSTRACT  
This dissertation examines the multiplicity of uses associated with tree and palm species of the 
Rupununi, Southern Guyana and the factors associated with their distribution. As tropical forests 
continue to decline the most significant response has been to understand the implications for the 
carbon cycle, with the impacts on forest dwelling peoples and wildlife, inadequately addressed. 
Multiple-use plants, individual species which at their most critical level provide food for 
wildlife, non-timber forest products and are commercially logged, provide a suitable lens for 
appreciating additional ecosystem services that may be compromised as tropical forests decline. I 
completed a plant inventory in the Rupununi and drew on the traditional knowledge of 
Amerindians to define multiple-use plants, describe their multiplicity of uses, describe vegetation 
types and assess multiple-use species distribution relative to land tenure classes and herbivores. I 
found four classes of multiple-use plants: wildlife food and commercial timber; commercial 
timber and traditional uses; wildlife food and traditional uses; and, wildlife food, commercial 
timber and traditional uses, each representing a unique dimension of ecosystem services such 
plants provide. A map created with descriptions of vegetation from Amerindian hunters showed 
that multiple-use plants are distributed in forest types that are critical for Amerindian livelihood 
activities. Further, as policies towards the extraction or protection of plant species are dictated by 
land tenure holdings, my assessments showed that strategies aimed at sustaining ecosystem 
services provided by multiple-use plants must consider the ideals for resource management 
within tenure classes. As expected, the distribution of a key disperser of multiple-use plants fruits 
and seeds - spider monkeys (Ateles paniscus), was closely related to the distribution of their food 
sources. My results show that land-use change impacting multiple-use plants will have 
implications for wildlife, and as a consequence traditional activities of forest dwelling peoples. 
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CHAPTER 1: INTRODUCTION  
1.1. Motivations for this study 
This dissertation examines the multiplicity of uses associated with trees and palms species of the 
tropical forests of the Rupununi, Southern Guyana and the factors associated with their 
distribution. As tropical forests continue to undergo changes due to human expansion within them, 
it is critical that knowledge of the ecosystem services and functions associated with plant species, 
and how these may be impacted by such changes, be understood. Recent scholarly work on the 
implications of Neotropical forest loss has led to a few dominant, but perhaps misleading themes. 
First, that the greatest threats to Neotropical forests are faced in central and southern Amazonia, 
particularly Brazil, Ecuador and Peru (e.g. Asner et al., 2010; Betts et al., 2008; Malhi et al., 2007). 
Secondly, that the most crucial outcome of tropical forest loss is reduced carbon sequestration, the 
unravelling of the global carbon budget and an increase in greenhouse gases (e.g. Arcidiacono-
Bársony et al., 2011; Asner et al., 2010; Baccini et al., 2012; de Souza et al., 2013; Fearnside, 
2008; Huntingford et al., 2013; Malhi et al., 2006; Melillo et al., 1996; Skole and Tucker, 1993; 
Zarin, 2012). Thirdly, that Neotropical forest loss is driven by the poor in their desperate attempts 
to eke out a living, but which Lambin et al., (2001) refer to as a myth. The latter observation, in 
particular, suggests that tackling poverty is a simple solution for managing forest loss and wider 
environmental change. But as de Souza et al., (2013) noted, arriving at sustainable solutions for 
tropical forest management is a much more complex endeavor. Beyond being a carbon reservoir, 
tropical forests are home to indigenous peoples (e.g. Read et al., 2010) and wildlife (Redford, 
1992) with many individual tree species performing multiple services. The impacts of forest loss 
on both human and wildlife populations therefore, require equally urgent attention as that given to 
the impacts on the carbon cycle.  
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A number of scholars, including Peters (1996), Klimas et al., (2007; 2012a; 2012b), and Mwavu 
and Witkowski (2009), have directed attention towards plant species with multiple uses within the 
context of timber and non-timber forest products (NTFPs) extraction. But much of this effort has 
been on a few “trophy” species, for example Klimas et al., 2007; 2012a; 2013b (Carapa 
guianensis) and Majeed et al., 2009 (Aesculus spp.), with a few studies, for example Mwavu and 
Witkowski (2009), considering a larger group of species. As pressure from land-use and land-
cover change (LUCC) persist in tropical forests, it is crucial that efforts aimed at identifying 
additional multiple-use species, and how these and the services they provide may be threatened, 
continue. 
 
Beyond the forests of central and southern Amazonia, the traditional hot spot of tropical forest 
loss, other tropical areas continue to witness alarming changes. The Brazilian Amazon, for 
example, given the role of Government policies that promoted conditions for change (Binswanger, 
1991; de Souza et al., 2013; Feanside, 2008; Margulis, 2004) has received significant attention, as 
lessons on the drivers of LUCC may be readily observed here (e.g. Lambin et al., 2001). Yet it is 
important, perhaps even heartening, to note that many of the conclusions and pronouncements 
reached from observing the Brazilian Amazon have escaped adjacent States. The policies that 
resulted in significant deforestation in Brazil in the 1980s and 1990s, for example, did not transfer 
to Guyana, French Guiana and Suriname (the Guianas). As a result these States now rank among 
the countries with the highest forest cover by national territory in the world, with 77 %, 98 %, and 
95 % respectively (Food and Agricultural Organization, FAO, 2011) and together host 34% of 
Neotropical forests (Hammond et al., 2007). This is not to say that LUCC was absent from these 
States, as Hammond et al. (2007) noted, in an apparent delayed response to the 1971-1978 
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demands for gold, the Guianas saw significant environmental degradation as the millennium 
approached.   
 
Notwithstanding, while the rate of change in the Guianas had been slower than that observed 
elsewhere in Amazonia, it appears that at the juncture where deforestation rates are declining in 
the Brazilian Amazon (de Souza et al., 2013; Lewis, 2011), government policies in Suriname and 
Guyana, in particular, are encouraging increased interest in their forests for economic gain from 
both within and outside these countries. In Guyana, the exploitation of forests is not new but the 
1990’s, in particular the ‘return to democracy’ era and the subsequent launching of the National 
Development Strategy (NDS, 1997) provided fresh policy impetus for LUCC. The NDS identified 
large-scale agriculture, forestry, and mining as central pillars for earning foreign exchange. Since 
the 1990’s large portions of Guyana’s forests have been allocated to multinational corporations 
(MNCs) for logging, including a company from tropical Malaysia - Samling Global Limited 
(www. baramaguyana.com) - where the impacts of deforestation are well documented. Similarly, 
gold mining is now an important part of the national economy. Interest in Guyana’s gold long 
preceded the 1990s with the myth of El Dorado a main draw for many seeking wealth (see 
Colchester, 1997; Hills, 1961). Nevertheless, the NDS and Government policies since have 
provided the framework for renewed interest in gold mining.  
 
As of 2013, Guyana’s natural resources are still in demand. The “soft power” of China 
(Kurlantzick, 2007) for example, has netted Chinese companies unprecedented access to Guyanese 
forests for multiple commercial ventures (Stabroeknews, 2013; Wenze, 2013). India- and 
Singapore-based companies are also setting up logging operations in Guyana (Environmental 
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Management Consultations, EMC, 2012). These developments unfold even as the Government of 
Guyana courts the international community to participate in its Low Carbon Development Strategy 
(Guyana Low Carbon Development Strategy (LCDS, 2013). The LCDS offers Guyana’s forests 
to the international community, through the United Nations’ Reduced Emissions from 
Deforestation and Degradation (REDD+) mechanism, for carbon sequestration initiatives, with the 
Government of Norway signed on as a major supporter. These demands on Guyana’s forests has 
often, however, ignored the dependence of Guyana’s predominantly forest dwelling Amerindian1 
populations, who are often caught in the midst of the negotiations for the LCDS, logging and other 
extractive and non-extractive industries, and protected areas, within their traditional homelands.  
 
Today, 126 titled Amerindian communities occupy around 16% of Guyana’s landscape (Figure 
1.1), but as Colchester (1997) noted, Amerindian lands are situated adjacent to the rich timber and 
mining interior areas of the country. Title to lands gives Amerindians sovereignty over forest 
resources (Amerindian Act, 2006), but no such rights over gold and sub-surface minerals and the 
determination of whether logging or mining can occur adjacent to their property. Further, as the 
State moves to satisfy the demands of extractive industries and Amerindians rights within the same 
landscape, legally titled Amerindian lands are invariably located adjacent to State-owned lands 
and protected areas. This results in Amerindian communities being granted non-contiguous 
patches in the landscape (the archipelago syndrome of Assies, 2000 and Stocks, 2005), which 
                                                          
1I use the term Amerindian and indigenous peoples interchangeably throughout this dissertation to refer to 
Guyana’s native peoples. The term indigenous is internationally accepted for native peoples, but the 
literature on Guyana’s native peoples is dominated by the term Amerindian, a classification that they 
themselves accept.  
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Figure 1.1: Titled Amerindian communities, by nations, across Guyana. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Map adapted from Bulkan (2013). 
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restricts communities from developing consistent approaches to resource management across titled 
land boundaries. The location of Amerindian lands next to State-owned lands therefore may 
potentially threaten the uses Amerindians derive from their forests.  
 
Amerindians are generally still dependent on subsistence livelihood practices as Read et al. (2010) 
and David et al., (2006) wrote of the Makushi and Wapishiana peoples of the Rupununi, the study 
area for this research. Like other native groups in Neotropical settings (e.g. Posey, 1982; 1985; 
Denevan, 1980), Amerindians have been credited with shaping the forests in which they live, even 
if not officially. The relationship between Amerindians and forests allows for the development of 
mutualistic processes between people, wildlife and forests. True, some scholars, including Redford 
(1992) and Janzen (1985) have documented the negative impacts of hunting by indigenous and 
other groups on larger game animal populations. But, there is evidence to suggest that Amerindian 
impacts on forest structure and ecosystems through subsistence activities are overwhelmingly 
positive (see Denevan, 1992; 2001). In this regard, it appears as though the indigenous connection 
to forests, and in particular their connection to plants (trees and palms) within their ecosystems, 
would serve as an appropriate lens through which risks to ecosystems, including wildlife and 
ecosystem services, could be studied.  
 
Background 
My dissertation, “For Logs, For Traditional Purposes and For Food: Identification of Multiple-
Use Plant Species in Northern Amazonia and an Assessment of Factors Associated with Their 
Distribution” attempts to bring some of the often ignored uses of Neotropical forests into focus. 
Many scholars have identified the multiple-use nature of tropical forests and plant species (see 
7 
 
 
 
Castro, 1995; DeFilipps, 1992 among a host of others), but the role individual plant species play 
within their ecosystems continues to gain attention. Peters (1996) for example, pointed to key areas 
for ecological studies when a species has multiple uses, while Klimas et al., (2007; 2012a; 2012b), 
and Mwavu and Witkowski (2009) examined how species with multiple uses respond under 
increasing human pressure. This dissertation continues the process of understanding the ecosystem 
services tropical multiple-use plant species (trees and palms) provide, in particular examining how 
such plants meet the needs of forest dwelling peoples and wildlife and how these uses may be 
threatened by changes in landscape configurations and changes in herbivore populations. In this 
regard, the ‘For Logs, For Traditional Purposes and For Food’ portion of the dissertation title 
addresses the main natural resource uses, and the intersections among these, associated with 
tropical plant species.  
 
‘For Logs’ identifies the use of tree species as commercial timber. The timber industry in Guyana 
and the West Indies, for example, have existed for centuries (DeFilipps, 1992; Zagt, 1997), but is 
Guyana has often been viewed as an aspect of life with only positive impacts, primarily as a 
tremendous foreign exchange earner. An extensive list of tree species are of interest to commercial 
timber operators in Guyana (see for example Polak, 1992), yet current logging activities target a 
few high-valued species (Thomas et al., 2003). But the impacts of logging on these species have 
only been reported in a few instances, for example ter Steege et al., (2002) found that the high-
valued Chlorocardium rodiei showed decline in populations in Guyana’s Bartica region. However, 
impacts on other species and their spatial distribution remain largely unknown.  
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The ‘For Traditional Purposes’ phrase draws on the multiple roles plants play in traditional 
practices such as providing medicines and building materials, including for thatching roofs and  
basketry (DeFilipps et al., 2004; Forte, 1996;van Andel, 2000). As DeFilipps (1992) wrote on the 
Amerindians of Guyana, “the Amerindians originally lived in uncontaminated ecological harmony 
with their forested surroundings and had a thorough knowledge of the use of plants.” Some argue 
that such knowledge has been lost over the centuries, but for many Amerindians, in particular those 
not employed in the formal sector and therefore without access to salaries, forests remain one of 
the main sources of medicines and other remedies for illnesses. Further, the opportunities that can 
be gained for improving modern medicine with an enhanced understanding of the use of forest 
plant species still remain largely untapped. Curare, for example, a paralytic poison prepared for 
use in hunting by Amerindians, including the Makushi of the Rupununi, has found use in modern 
medicine as a muscle relaxant for shock treatment of mental illness and as an adjunct to anaesthesia 
in heart surgery (DeFilipps, 1992).  How many more such plant products remain undiscovered is 
unknown.  
 
“For Food” draws on the role plants play in the provision of food for wildlife and people alike. 
This aspect of the dissertation draws on my childhood experiences in the Amerindian village of 
Wauna, on the Guyana-Venezuela border, where I observed Amerindians and wildlife, hunted and 
unhunted, interacting with plants. The fruits of the Attelia maripa (kokerite), Astrocaryum 
aculeatum (akayuru), Astrocaryum vulgare (awara), Oenocarpus bataua (turu), Oenocarpus 
bacaba (lu), Mauritia flexuosa (ite), various Inga spp. and Manilkara bidentata (bulletwood) were 
eaten by people and wildlife alike. Beyond eating fruits, the leaves of Manicaria saccifera (truli) 
were used to thatch houses while various other palms parts were used to make kitchen utensils, 
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basketry and furniture. Changes to Guyana’s forests will invariably impact the most vulnerable 
forest dwelling and rural groups by reducing the uses they derive from such forests.  
 
Where a plant is used in two or more of the three areas (logs, traditional purposes and food) such 
a species is defined as multiple-use. The exploitation of such species may not only impact their 
well-being, but have implications for all three areas of forest use. In this regard, it is critical that 
an understanding of the set of actions and decisions necessary to ensure that species of interest to 
Amerindians and fauna for food, traditional purposes and logging are maintained at population 
levels that allow for their continued uses (sustainable management) be obtained. Peters (1996), in 
considering the management of NTFPs, put forward four ecological parameters to be considered 
to help ensure that uses from multiple-use species are sustained. First, the multiplicity of uses and 
types of resources produced by a species should be understood. Through defining the multiple 
ways in which a species is exploited, managers can think through the levels of potential conflict 
associated with such a species. Peters argued that if major parts of a plant are harvested (such as 
the bark, stem tissue, or roots) the death of the plant may result, as is the case with logging, making 
species sustainability dependent on replacement by another conspecific. Secondly, the size-class 
distributions of populations should be studied and their implications assessed. Peters wrote, “a 
species may be the most abundant in the forest in terms of number of stems, but if all of these 
stems are of a similar intermediate diameter class or if the population is characterized by a 
preponderance of large adult trees and exhibits no regeneration, sustainable resource exploitation 
can still be exceedingly difficult to achieve.” Ideally, the size-class structure of the population 
should suggest active recruitment approaching the classical reverse-J curve preferred for plant 
populations. Thirdly, abundance of species within different forest types and/or management areas 
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will provide insights into the ability of species to regenerate themselves and harvest levels that 
may be tolerated (Peters, 1996). Species with higher abundance will be easier to manage than those 
with lower abundances. Fourthly, the life cycle characteristics of species, including the role 
herbivores play in ensuring flowers are pollinated and seeds are dispersed, must be assessed. The 
analysis should include providing a sense of the species of animals associated with dispersing 
seeds and the status of these in the ecosystem.  
 
This dissertation draws on the work of Peters (1996), Klimas et al., (2007), and Mwavu and 
Witkowski (2009) to assess portions of the four parameters identified by Peters (1996) in a sample 
of plants from the Rupununi, Southern Guyana. Klimas et al., (2007) built on the work of Peters 
(1996) by describing the distribution of multiple-use species Carapa guianensis across two main 
Amazonian forest types. Indeed, much of the recent attention on multiple-use species focused on 
the challenges for sustainable management posed by the conflicting demands of timber versus 
NTFPs extraction (e.g. Klimas et al., 2007; 2012a; 2012b), often ignoring implications for wildlife 
or forest dwelling peoples who are often the local-level managers for such species. Yet, scholars 
have acknowledged that in tropical settings, indigenous peoples must be included as a part of the 
management strategy (Stocks, 2005; Chapin et al., 2005), including using indigenous knowledge 
to develop maps for resource management (Robbins, 2003) and guiding the priorities of scientific 
research.  
 
Given that indigenous peoples are recognized as important resource managers in the tropics (e.g. 
Stocks, 2005), this dissertation utilizes traditional knowledge (TK; Posey, 1992; Parrotta and 
Trosper, 2012) of Amerindians throughout its design. Indigenous knowledge is used to define how 
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plant species are used in the three areas of natural resource exploitation and to assess the factors 
associated with multiple-use species distribution. This is a key departure from previous studies on 
multiple-use species and their distribution that has utilized scientific expertise in studying such 
species. TK is used to describe the multiplicity of uses associated with species, define forest types 
associated with species distribution and study the presence of herbivores responsible for dispersing 
the fruits and seeds of plant species. Historically, the map-making process for example, has been 
restricted to the scientific expert community, but recently, more efforts have been made to include 
indigenous peoples in this process. Defining forest types from the Amerindian perspective may 
provide insights into how multiple-use species within Amerindian lands may be impacted by 
LUCC. Commercial logging, a major part of LUCC in the study area, may become a threat to the 
forests of the Rupununi study area, and as such the dissertation restricts the analysis of the uses of 
plant species to trees and palms (ignoring shrubs, vines and lianas) that may be directly impacted 
by consumptive natural resource use. Further, the dissertation attempts to examine the full range 
of multiple-use species that exist in the Rupununi study area, rather than target single and well-
known species as has been done elsewhere (e.g. Cummings, 2006; Klimas et al., 2007; 2012a; 
2012b; Majeed et al., 2009). Further, rather than assessing the well-being of multiple-use species 
in small areas of the landscape, the diverse land tenure arrangements of the Rupununi and their 
implications for species management is considered.  
 
Research Questions and Objectives  
The overarching hypothesis guiding this dissertation is that as LUCC occurs in tropical forests, the 
ecosystem services that are lost include forest uses by forest dwelling peoples and wildlife which 
are seldom measured. The dissertation assesses the uses of tropical forest species primarily from 
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the perspective of Makushi and Wapishiana Amerindians of the Rupununi, Southern Guyana on 
Amazonia’s Northern edge. The setting for the dissertation is a historically isolated forest-
savannah biome (Read et al., 2010), that has been slowly changing, but where sufficient TK 
remains to guide an assessment of the various uses associated with plant species. 
 
This dissertation has four primary guiding questions and objectives that are addressed through four 
substantial chapters.  
Question 1:  
“How should multiple-use plant species be defined, how many such species exist in the 
Rupununi, Southern Guyana, and given the current resource uses associated with tropical plant 
species, that is, for commercial timber, NTFPs and wildlife food, how do these uses intersect in 
individual plant species and what implications do these intersections have for the sustainability 
of such species?” 
This question draws on the first parameter of Peters (1996) and challenges the dominant position 
in the literature where well-known ‘trophy’ multiple-use species are analyzed. In the context of 
Guyana, this is particularly critical as only a small group of ‘special’ species have been identified 
for management attention during logging (Clinton Edmonds and Associates (CEA) Limited, 
2004a; CEA Limited 2004b). Through this question, I suggest to the ecological and resource 
management community that a more extensive view of Neotropical forests is required; as these 
areas host many more than a few multiple-use species that provide important ecosystem services 
(Cardinale et al., 2012).  
This question was addressed through the following objective:   
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Identification of multiple-use plant species, their multiplicity of uses, their distribution in size-
classes and qualitatively describe population structure relative to the reverse-J curve across the 
Rupununi landscape using field observations and measurements. 
Question 2:  
“Can Amerindian hunters’ vegetation descriptions serve to inform a landscape-scale tool for 
understanding the distribution of multiple-use species? What physical environmental variables are 
characteristic of the vegetation classes described by Amerindian hunters in the Rupununi, Southern 
Guyana?”  
This question draws on the third parameter of Peters’ (1996) which suggests that forest types be 
used as a frame of reference for understanding the distribution of multiple-use species. Yet, 
defining forest types is historically an expert pursuit, driven by botanists, ecologists and 
geographers. Utilizing expert-driven maps in contexts where local-level resource managers are 
expected to play critical roles in the decision-making process can be challenging. Scholars, 
including de Granville (1988) and Prance (1979), have noted the difficulties associated with 
interpreting forest types even among experts. This question assesses the usefulness of vegetation 
descriptions from Amerindian hunters in creating a vegetation map of the Rupununi, Southern 
Guyana that can be used by all managers in critical decision making processes for sustainable 
forest management.   
This question was addressed through the following objective:  
The completion of a vegetation classification using Landsat TM and ASTER DEM data of the 
Rupununi, Southern Guyana, based on vegetation descriptions obtained from Amerindian 
hunters of the landscape to guide the assessment and assessed how attributes of the biophysical 
environment relate to the Amerindian hunters description of vegetation.   
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Question 3:   
“How do land tenure classes and forest types affect the distribution of multiple-use tree species?”  
This question suggests that a greater appreciation of landscape characteristics, that is, land tenure 
classes, and how these impact the distribution and uses of multiple-use species is required for 
species management. I suggest that pressure on multiple-use species will vary by tenure class. 
While forest types provide insights into species distribution and may be useful in predicting where 
a species may occur, in settings where landscapes are fragmented into various land tenure classes 
sustainable species management may be impacted. This question draws on both the second and 
third parameters of Peters (1996) and utilizes size-class distributions of key multiple-use species 
to show how land tenure classes and forest types provide different views on a species’ well-being. 
I offer conditions under which land tenure and forest types are the appropriate frame of reference 
for understanding the distribution of multiple-use species.  
This question was addressed through the following objective:  
Assess how forest types (derived from objective 2) and land tenure classes influence the 
distribution of select multiple-use species (derived from objective 1) across the landscape. 
Question 4:  
“What is the status of herbivores involved in the life cycle stages of multiple-use species within 
the study area? What environmental factors influence the distribution of herbivores? Can the 
spatial distribution of herbivores be explained by ecological models?”  
This question builds on the fourth parameter of Peters (1996) that suggests the need for 
understanding the life cycle characteristics of multiple-use species and the status of the herbivores 
involved in the life cycle stages of such species. The literature and an experiment were used to 
assess the presence of herbivores and the environmental factors that influence their abundance. 
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Abundance data of the ateline primate Guianan red-faced spider monkey were used to assess which 
factors influence their distribution and how LUCC may impact these herbivores and as a 
consequence the life cycle stages of multiple-use species.  
This question was addressed through the following objective:  
Assess the presence of herbivores and what factors influence their abundance and distribution 
across the Rupununi study area by reviewing the literature and modeling the distribution of 
spider monkeys relative to environmental variables.   
 
Overview of Chapters  
This dissertation consists of four semi-autonomous article-styled substantial chapters, bounded by 
an Introduction (this chapter) and a Conclusion (Chapter 6). Each chapter contains its own 
background section that provides more in-depth context for each question addressed. A methods 
section is also contained in each chapter, so unlike a traditional dissertation, there is not a separate 
methods chapter. Chapter 2 sets up the study on multiple-use plants and conditions in the study 
area. A definition of multiple-use plants is presented and a description of the classes of multiple-
use plants that exists based on how they are used as natural resources is also provided. Chapter 3 
began the process of examining the factors associated with the distribution of multiple-use plants 
by using vegetation descriptions of Amerindian hunters to develop an eleven-class vegetation map. 
Chapter 4 utilizes size-class distribution and abundance of multiple-use species to examine how 
these differ when viewed from the perspective of forest type and land tenure class. Chapter 5 
utilizes abundance data for ateline primates to examine their relationship to multiple-use species 
distribution and other environmental variables and evaluate what this relationship means for the 
life cycle characteristics of multiple-use species. Chapter 6 summarizes the main findings of the 
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dissertation and their relevance to the fields of land change science, conservation biology, and 
natural resource management and provides some suggestions for my future research activities.   
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CHAPTER 2: MULTIPLE-USE PLANT SPECIES OF THE NORTHERN AMAZON: 
IDENTIFICATION, USES, ABUNDANCE AND POPULATION STRUCTURE  
ABSTRACT  
Tropical forests provide multiple ecosystem services, ideally demonstrated through the multiple-
use plants, species that provide food for wildlife, non-timber forest products (NTFP) and 
commercial logs that they host. Yet as tropical forest areas continue to decline the nature of 
multiple-use plant species and indeed the services they provide and how they may be 
compromised is poorly understood. This chapter utilized an inventory of plants from the 
Rupununi, Guyana, to define multiple-use plants, quantify how many such plants exists, describe 
their multiplicity of uses and examine their size-class distributions. Trees and palms were 
classified into one or more of four resource-use classes: commercial timber, wildlife food, 
traditional uses or no known use, with multiple-use species defined as those where two or more 
resource-use classes intersected. Four multiple-use classes: wildlife food and commercial timber; 
commercial timber and traditional uses; wildlife food and traditional uses; and, wildlife food, 
commercial timber and traditional uses were defined. Of the 33, 457 plants sampled, 81 % or 
111 of 165 groups were multiple-use, with 6 %, 8 %, 22% and 45 % in the four multiple-use 
classes, respectively. As expected, smaller trees dominated the sample and size-class distribution 
curves at the study site level showed strong likeness to the reverse-J confirming that these forests 
experienced little disturbances in the past. The high number and classes of multiple-use plants 
identified in this study shows that as tropical forest areas decline, many of the ecosystem services 
that will be impacted are not currently accounted for in management plans. If the livelihoods of 
vulnerable populations are to be protected, tropical forest management plans must be amended.  
Keywords: multiple-use species, ecosystem services, logging, Rupununi, Guyana.  
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2.1. INTRODUCTION  
The importance of tropical forests is well documented (e.g., Guariguata and Mulongoy, 2004; 
Guariguata et al., 2008; Guariguata et al., 2010; Rist et al., 2012). Tropical forests store carbon 
(Baccini et al., 2012; Melillo et al., 1996; Zarin, 2012), harbor more than 50% of the world’s plant 
and animal biodiversity (Vandermeer and Perfecto, 1995) and regulate the global hydrological 
cycle (Bond et al., 2008; Brauman et al., 2007; Food and Agricultural Organization (FAO), 2008; 
Nik and Yusop, 2004). Human populations obtain fruits, nuts, oil seeds, latexes, resins, gums, 
spices, and medicinal plants (Peters, 1996) from tropical forests. At the same time, tropical forests 
are converted for growing bananas, chocolate, cashews, and coffee (Durning, 1993; Vandermeer 
and Perfecto, 1995), and to grasslands for rearing cattle (Fearnside 2005; Walker et al., 2000). 
Timber and precious metals (Bebbington et al., 2008, Bridge, 2004; FAO, 2011) are also extracted 
from within these forests. At the same time many groups of indigenous peoples’ live in or are 
heavily dependent on tropical forests (e.g. Amazonia, 2009; Byron and Arnold, 1997; David et al., 
2006; Griffiths and Anselmo, 2010; Huber and Zent, 1995; Read et al., 2010) with hunting, fishing 
and swidden agriculture the primary features of their subsistence lifestyles. In recognition of the 
multiple roles tropical forests play and the human pressures placed on them, many scholars (e.g., 
Gabay et al., 2012; Klimas et al., 2012a; Vincent and Binkley, 1993) have called for multipurpose 
approaches to forest management. Such approaches must, however, emphasize the multiplicity of 
ecosystem services related to individual plant species, rather than only focusing on those provided 
by the entire forest stand.  
 
At the level of individual plants (trees and palms) within tropical forests many species and genera 
support wildlife populations through their fruits and seeds (Roosmalen, 1985; Silvius and Fragoso, 
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2003), parts may be used for medicines (Forte, 1996; van Andel, 2000) and stems may be logged. 
Often, though, an individual species may be capable of providing more than one of these services 
and such species, defined as multiple-use have been attracting the attention of scholars for some 
time (see for instance Castro, 1995; Committee on Managing Global Genetic Resource, 1999; 
Klimas et al., 2007; Majeed et al., 2009; Mwavu and Witkowski, 2009; Plumptre, 1995; Tweheyo 
and Babweteera, 2007). Yet, the literature on multiple-use species and indeed a functional 
definition for such species, appears patchy with scholars often focusing on a single facet of their 
uses, such as wildlife food, non-timber forest products (NTFPs) or commercial timber separately, 
and ignoring their multiplicity of uses (but see exceptions in Klimas et al., 2007; Majeed et al., 
2009; Mwavu and Witkowski, 2009, Peters, 1996).  
 
As sources of wildlife food, the relationship between plants and animals, and in particular the role 
animals play in pollinating and dispersing seeds have been widely addressed (Forget and 
Hammond, 2005; Howe and Westley, 1988). Indeed, Forget and Hammond (2005) noted that since 
the 1980s substantial efforts have been directed towards characterizing which plants are eaten by 
which animals, the effect this has on plant regeneration, distribution and diversity, and how 
fluctuations in the availability of plant resources influence the direct and indirect benefits received 
by both plants and animals. Forget and Hammond (2005) further noted that for mammalian species 
in the Guianas for which knowledge exists on their diet (N=232 out of 234), nearly 46% are 
herbivorous, including nectarivores and folivores. Others have examined individual species of 
animals and their related plant food sources. Some examples are: Silvius and Fragoso (2003) - red-
rumped agouti (Dasyprocta leporina); Fragoso (1999) - peccaries (Tayassu pecari and T. tajacu) 
and Fragoso et al. (2003) and Fragoso and Huffman (2000) - tapir (Tapirus terrestris).  
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The role of tropical plants in supplying NTFPs and timber has also been extensively addressed 
(Barbier et al., 1994; Hammond et al., 1999; Herrero-Jauregui et al., 2009; Klimas et al., 2007; 
2012a; Menton et al., 2009; Peters, 1996; Sunderland and Drasnfield, 2002, Ticktin, 2004; Polak, 
1992; van Andel, 2000). In fact, the bulk of our understanding on the NTFP value of forests is 
derived from traditional knowledge (TK) or the ways in which indigenous and rural populations 
use plants and plant parts worldwide (Parrotta and Trosper, 2012). Even though there is uncertainty 
over which and how many people depend on NTFPs (Pimental et al., 1997), little doubt exists over 
their importance to human societies (Byron and Arnold, 1997). The extraction of timber from 
tropical forests on the other hand, has evolved to the point where contention has arisen over the 
most appropriate means of logging, with selective and reduced-impact logging garnering the most 
attention in this regard (see Asner et al., 2005; Pimm and Raven, 2000; Pearce et al., 2003; Putz 
et al., 2008; Rist et al., 2012; Uhl and Vieira, 1989). Nevertheless, NTFP and timber extraction 
and other forms of forest conversion continue to occur, raising questions on their impacts.  
 
As land-use and land-cover change (LUCC; Alves et al., 1999; Fearnside, 2005; Geist and Lambin, 
2002; Skole and Tucker, 1993) continue in the tropics more scholars are engaged with 
understanding the impacts on the ecosystem services. The need for such work, especially as it 
relates to plant species, is urgent as projections on the impacts of LUCC suggest widespread 
species extinctions (e.g., Brooks et al., 1997; Brooks et al., 1999; Chhabra et al., 2006; Loiselle et 
al., 2010; Thomas et al., 2004; Sala et al., 2000; Whitmore and Sayer, 1992), even though 
questions regarding which species will be lost and the resulting implications for wildlife and 
human populations are poorly understood (but see Blanco et al., 2012; Brooks et al., 1997; 1999; 
Dirzo and Raven, 2003; Loiselle et al., 2010; Lugo et al., 1993; Pimm and Raven, 2000; Whitmore 
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and Sayer, 1992, for assessment of impacts of deforestation on tropical species). These projections 
are further exacerbated by reports which suggest that global climatic variability will result in the 
destruction of plant and animal species (e.g., Thomas et al., 2004). Yet little attention appears to 
be given to the implications of forest loss on traditional activities and other economic uses attached 
to tropical forests as they continue to decline. Multiple-use plant species will undoubtedly be 
included among the casualties of LUCC, and climatic variability, increasing the need for 
understanding their nature.  
 
Despite the apparent lack of coherence in efforts to examine the full range of services individual 
plant species provide, scholars such as Herrero-Jauregui et al. (2009), Klimas et al. (2007), and 
Menton et al. (2009) have assessed the impacts of commercial timber, NTFP extraction and LUCC 
on multiple-uses species. Others, including van Andel (2000) have assessed the economic value 
of plants, including their role as NTFPs, commercial timber and wildlife food, and established lists 
of multiple-use species. Significant as these efforts have been however, they have often been 
limited in their scope and scale. For instance van Andel’s analysis was done from the perspective 
of NTFPs, and the species of interest was limited to Guyana’s North West District (NWD) and 
coastal areas, with little consideration for the implications of resource use intersections in a single 
species. Others including Klimas et al. (2007; 2012a; 2012b) and Majeed et al. (2009) have 
focused on single and well-known species, Carapa guianensis and Aesculus spp., in the highly 
visible Brazilian Amazon and Kashmir Valley areas, respectively. Overwhelmingly though, the 
primarily questions of species sustainability under LUCC raised by these scholars are not restricted 
to particular locales, heightening concerns for species well-being throughout their range. 
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In reality, scholars acknowledge that sustainably managing multiple-use plants is a daunting task 
(Fearnside, 2005; Klimas et al., 2007; Nepstad et al., 1999; Peres et al., 2003; Pearce et al., 2003), 
with the tools for achieving sustainability appears lacking. Yet the results of failure to identify 
multiple-use species and develop mechanism for their sustainable management are becoming 
increasingly obvious. For example, Plumptre (1995) and Tweheyo and Babweteera (2007) 
identified multiple-use species that are commercially logged and provide food for chimpanzees in 
Uganda. Building on this work, Mwavu and Witkowski (2009) examined the population structure 
of fifteen species identified by Plumptre (1995) and Tweheyo and Babweteera (2007) and noted 
that a number of these reflected the impacts of resource extraction pressure. Mwavu and 
Witkowski (2009) concluded that each species require careful management attention if the long 
term survival of chimpanzees and other frugivores is to be safeguarded. While these conclusions 
paint gloomy pictures for species sustainability, the options available for management have been 
slowly emerging. Klimas et al. (2007) among others have noted that a key component of any 
management approach for multiple-use species, in addition to their identification, is gaining a 
sound understanding of their demographic characteristics. In fact Gullison et al. (1996) and 
Zuidema and Boot (2002) pointed out that a lack of knowledge on the demographic characteristics 
is a key hindrance to planning for their sustainable management of such plant species. Zuidema 
and Boot (2002) further suggested that in order to sustain the abundance of an extracted product 
from tropical forests, such as NTFPs, a detailed knowledge of the life history of such species and 
their demographic behavior is necessary. More specifically, Peters (1996) put forward four 
ecological parameters necessary to be understood for guiding the sustainable management of any 
species, namely: life history characteristics, multiplicity of uses and types of resources produced, 
abundance in different forest types, and size-class distribution of populations. Lopez-Toledo et al. 
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(2011) added that where a species is declining in abundance or is threatened by anthropogenic 
activity an understanding of their distribution, abundance, conservation status, and response to 
harvest is required to plan for their sustainable management.  
 
Given the importance of multiple-use species, and the importance of understanding their ecological 
characteristics, this chapter draws on the ecological parameters identified by Peters (1996) to 
describe the multiplicity of uses, abundance and size-class distribution of species in the Rupununi, 
Southern Guyana. The foregoing discussion points out three dimensions in the multiplicity of uses 
associated with tropical forest species: 1) commercial timber and wildlife food (e.g. Mwavu and 
Witkowski, 2009; Tweheyo and Babweteera, 2007); 2) commercial timber and NTFPs (traditional 
uses/domestic uses) (Hall and Bawa, 1993; Herrero-Jauregui et al., 2009; Klimas et al., 2007; 
Mwavu and Witkowski, 2009; Shanley and Luz, 2003); and 3) NTPFs and wildlife food (Mwavu 
and Witkowski, 2009). Despite these various forest uses often occurring in the same space and 
often involving the same species, management efforts tend to focus on either NTFPs or timber 
harvesting (primarily reduced-impact logging) separately (Guariguata et al., 2008) rather than 
viewing forests and the plants within them as interconnected and necessitating a multipurpose 
management strategy. In the absence of multiple-use management approaches, scholars have 
reported that logging operations are facilitating the unsustainable exploitation of NTFPs (e.g., Rist 
et al., 2012; Sunderland et al., 2004). Multiple-use forestry gives rise to the need for understanding 
how forests respond to disturbance (Lopez-Toledo et al., 2011). Forest demographic studies, 
utilizing size-class distribution data have long been used by foresters and ecologists to convey the 
impacts of disturbance on forests and demographics of forest stands. Theoretically, size-class 
distribution curves for forest stands where large-scale disturbances, anthropogenic or natural, are 
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absent will approach the reverse-J or negative exponential curve (Condit et al., 1998; Dewdney, 
2001; Ducey, 2006; Hitimana et al., 2004; Leak, 1963; McLaren et al., 2005; Meyer and 
Stevenson, 1943; Oliver and Larson, 1990; O’Hara and Gersonde, 2004; Rubin et al., 2006; Sano, 
1997; Svensson and Jeglum, 2001; West et al., 2000). The size-class distribution curve assumes a 
link between plant age and size, even though this relationship is not always observed in all stands 
(Leak, 1985), due to variations in growing conditions among other factors. Others, including 
Klimas et al., (2007) have used size-class distributions to plot the reverse-J for tropical species. 
As a tool in forest ecology, the reverse-J curve was first applied by the French silviculturalist 
DeLiocourt in 1898 to old growth forests stands (Ducey, 2006; Leak, 1963; O’Hara and Gersonde, 
2004; Westphal et al, 2006). Theoretically, the slope of the diameter distribution curve is described 
by a q-factor, which is the ratio of trees in a diameter class to the number of trees in the next larger 
class (O’Hara and Gersonde, 2004). The reverse-J curve is generally accepted as a standard for 
determining allowable logging densities of uneven-aged stands (but Ducey, 2006 and Westphal et 
al. 2006, suggested that alternatives exist). Generally, though, deviation from the reverse-J curve 
is accepted as an important indicator that a forest has been disturbed (Mwavu and Witkowski, 
2009). Consequently, determination of forest population structure is seen as an important first step 
(Klimas et al., 2007), that if combined with demographic data, including size-specific growth rate 
(Condit et al., 1998) can provide forest managers with information for making decisions on species 
management (Bruna and Kress, 2002). 
 
Research context and goals   
The motivation for this work comes from the fact that commercial logging and NTFP extraction 
have long occurred side-by-side in many tropical forest settings, but not without tension 
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(Guariguata et al., 2008) between these two forest uses. In the case of Guyana, South America, 
where forests cover more than 77% of the land area (Guyana Low Carbon Development Strategy 
(LCDS), 2009; Marshall and Kerrett, 2010) commercial logging has occurred for centuries (ter 
Steege et al., 2002), yet multiple-use species have only gained limited attention over this time. 
Nevertheless, as more of Guyana’s forest areas become accessible, LUCC will impact multiple-
use plant species. In the Rupununi, Southern Guyana, for example, increased access is already 
translating to interest in commercial logging and gold mining. Interests in commercial logging was 
highlighted through the Environmental Impact Assessment (EIA) for logging in the forests of the 
Iwokrama International Center for Rainforest Conservation and Development (IIC) (Figure 2.1), 
which in assessing the potential impacts of harvesting species with known commercial value, also 
pointed out that species with traditional (NTFP) importance should be carefully managed. 
 
The EIA referred to multiple-use species as “special” plants (Clinton Edmonds and Associates 
(CEA) Limited, 2004a; CEA Limited 2004b), and defined these as, “those that have economic  
and cultural importance as NTFPs and those that provide or support the production of NTFPs.” 
Through the law that led to its establishment (Iwokrama International Center for Rainforest 
Conservation and Development Act, 1996) IIC is mandated to demonstrate that tropical forests 
can be sustainably utilized.  As a consequence, the EIA suggested that: “The felling of special 
species will be restricted subject to a comprehensive study and report on their use and ecology and 
recommendations for treatment. Special species will include Crabwood (Carapa guianensis), 
Bulletwood (Manilkara bidentata), Manicole (Euterpe oleracea) and other palms.” (CEA Limited, 
2004b, 10). The three “special” species are also recognized by loggers, indigenous peoples and 
forest users in the Rupununi, throughout Guyana, and in the case of crabwood, in wider Amazonian 
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context (Costa-Silva et al., 2008; Klimas et al., 2007; Shanley and Luz, 2003) as important for 
NTFPs and sources of wildlife food. Both crabwood and bulletwood are logged. 
 
Currently, bulletwood’s latex is used to craft figurines of animals found in the Rupununi, while 
the oil derived from the crabwood seed is utilized as a medicinal product in Guyana and elsewhere 
in Amazonia (Costa-Silva et al., 2008; Klimas et al., 2007). These multiple-use species have 
attracted national-level interest for protection and management in Guyana (e.g. Bulkan, 2010; 
Cummings, 2006).  Indeed, Bulkan (2010) questioned whether logging of bulletwood is legal, 
indicating that historically this keystone species has been protected by law for latex extraction 
since 1895 and that the law has not changed to permit logging at commercial scales. Despite 
Bulkan’s protests, bulletwood is listed as a commercial timber species (Guyana Forestry 
Commission (GFC), undated) and this has apparently been the case for some time as Polak (1992) 
also listed this species as a major timber species. Manicole, a palm species, is well-known in the 
tropics for its valuable heart-of-palm (e.g. Peters, 1996) and acai fruit.  Other palm species are 
extensively utilized by Amerindians including using their leaves for thatching roofs; fruits are 
eaten and or used for making beverages, and various parts are used for making basketry (Forte, 
1996). Furthermore, the fruits of a number of palm species are important wildlife food sources 
(Forte, 1999; Fragoso and Huffman, 2000; Silvius and Fragoso, 2003).  
 
Of concern to this work too, is what appears to be an inadequate definition of multiple-use species 
in the literature. The IIC definition of “special” plants, for example, neglects their role as sources 
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Figure 2.1: Study Area 
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of wildlife food, a critical component of how these plants are used, and given the importance of 
wildlife to the Amerindian diet, and in maintaining forest structure, a well-established point in the 
Guianas (e.g., Forget and Hammond, 2005; Roosmalen, 1985). While others, including Klimas et 
al., (2007) and Mwavu and Witkowski (2009) appear to assume the term is well understood, and 
makes little reference to a formal definition. Clearly a definition is highly contextual, but the 
implications for not having a definition as a frame of reference may lead to the services provided 
by such plants to be underappreciated. Since however, “special” plants are appreciated in Guyana, 
albeit apparently limited to three species, and that LUCC is a part of Guyana’s landscape, this 
chapter utilizes this momentum to addresses three questions. How should multiple-use plants be 
defined? How many such species exist in the Rupununi, Southern Guyana? Given the current 
resource uses associated with tropical plants species, that is, commercial timber, NTFPs and 
wildlife food, how do these uses intersect in individual plant species and what implications do 
these intersections have for the sustainability of each species? As a guide to this chapter, the first 
question is addressed at the outset. Multiple-use species therefore are defined, encompassing the 
definition of “special” plants, as: “trees and palms whose stems, fruits, barks, leaves, or other 
portions are important to the livelihood and survival of more than one group of forest users and 
dwellers, including humans and fauna”.  
 
More specifically, this chapter addresses three main objectives. The first two objectives were to 
identify multiple-use plants species and establish the multiplicity of uses associated with each. As 
a clear departure from previous studies, this chapter utilized both the literature on how plants are 
used in Guyana and TK of the Makushi and Wapishiana Amerindians to analyze a sample of plants 
collected from the Rupununi landscape (Figure 2.1) to address these objectives. Focus is placed 
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primarily on species of plants intersecting the three main resource uses present in the Rupununi, 
and identified in the literature: commercial logging, traditional uses (NTFPs) and wildlife food. 
As such this chapter goes beyond previous efforts that gave a cursory view of the important 
resource use intersections associated with individual plant species, and attempts to provide a 
comprehensive description of the services associated with each species, and assess the implications 
of these intersections on species sustainability. Thirdly, this chapter examines the size-classes 
distribution of tree species and qualitatively assesses their likeness relative to the reverse-J curve. 
Trees were sampled from >25 cm dbh and therefore the size-class curves are termed as an initial 
probe into population structure. The likeness of the size-class curves relative to the reverse-J was 
assessed at four levels: Rupununi (study area), forest-edge study sites versus forested study sites, 
main multiple-use classes and select multiple-use tree species. This chapter worked on the premise, 
suggested by others (Clarke et al., 2001; ter Steege, 2003; van der Hout and Zagt, 2003) that the 
forests of the Rupununi are old-growth, undisturbed forests. As such, it is expected that size-class 
distribution curves will approach the reverse-J at these levels. 
 
2.2.DESCRIPTION OF THE STUDY AREA AND ITS LAND USE  
This study was completed in the tropical forest and savannah biome of the Rupununi, Southern 
Guyana. The Rupununi study area lies between 0050’ – 40 49’ N and 56054’ – 59055’ W and an 
area approximately 48,000 km2 located around 350 km southwest of the capital of Guyana, 
Georgetown (Figure 2.1) was studied. The area gets its name from the Rupununi River, a tributary 
to Guyana’s largest river - the Essequibo. The predominantly forested Kanuku Mountains, which 
has a highest elevation of around 900m (ASTER GDEM ) is bisected by the Rupununi River, and 
separates the study area into a northern and southern section (Jansen-Jacobs and ter Steege, 2000). 
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The Pakaraima Mountains, located in the northwest of the study area, are its highest points - around 
1,100 m – and comprise a mixture of forests and savannahs. Geologically, the Rupununi belongs 
to the Precambrian Lowlands (Daniel and Hons, 1984), due to the underlying Precambrian 
crystalline basement rocks (Jansen-Jacobs and ter Steege, 2000). A coarse Koppen climatic 
description of the Rupununi is tropical wet (Af) and tropical savannah (Aw) (Hess and Tasa, 2011). 
Unlike central and northern Guyana, the Rupununi experiences only one major rainy season 
between May-September when around 70-80% of the 1500-2000mm of annual rainfall is received 
(Persaud, 1994). There is however, a smaller rainy period between December and January – known 
locally as the cashew rains. The May-September rainy season transforms the Rupununi into a giant 
wetland particularly because the Rupununi savannahs are unable to carry high volumes of surface 
runoff (Jansen-Jacobs and ter Steege, 2000). The vegetation of the Rupununi savannahs has been 
studied by Eden (1964; 1973) and covers a large part of the southern region of Guyana and extends 
into Brazil. Scholars have suggested that the Rupununi savannahs have formed primarily as a result 
of edaphic, rather than climatic factors (Clarke et al, 2001). Fringing the Rupununi savannahs are 
dry forests (deciduous) which extend far into Brazil and Venezuela (ter Steege and Zondervan, 
2003). On the whole, the Rupununi is rich in biodiversity, but is generally characterized by lower 
diversity when compared to western Amazonia (ter Steege et al., 2003).  
 
The study area is ecologically important, supporting a high diversity of ground living mammals, 
frugivorous primates, replies, and birds (Watkins et al., 2011; Montambault and Missa, 2002). Of 
the area’s biodiversity, more than 107 species are hunted by the native Amerindians for food, with 
eight species ((Paca or labba (Agouti paca), agouti (Dasyprocta leporina), white-lipped peccary 
(Tayassu pecari), collared peccary (Pecari tajacu), red brocket deer (Mazama americana), white-
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tailed deer (Odocoileus virginianus), nine-banded armadillo (Dasypus novemcinctus) and red 
footed tortoise (Chelonoidis carbonaria)) comprising 69 % of the hunted animals (Read et al., 
2010). Among these top hunted species, all but the nine-banded armadillo have a strong reliance 
on the fruits of trees and palms in the area for food (Roosmalen, 1985).  
 
The study area is the primary homelands of the Cariban-speaking Makushi and Arawakan-
speaking Wapishiana Amerindians (Colchester, 1997) and extends from Village 23 in the North 
to Village 1 in the South (Figure 2.1). The area’s population at the end of 2002 was 19,387 or 2.6 
% of the national total (Census, 2002). Amerindians, who have lived in the Rupununi for centuries 
(Forte, 1996; Plew, 2005), made up more than 89 % of the population in 2002 (Census, 2002). In 
2009 the Amerindian population of the study communities numbered around 13,000 individuals. 
As a group, the Rupununi Amerindians account for more than 25 % of the national Amerindian 
population (Census, 2002). Over the past 150 years or so, there has been a gradual immigration to 
the Rupununi, starting with the first wave of cattle ranchers arriving at what is now Pirara ranch 
around 1840 (Colchester, 1997). The establishment of Pirara ranch was in keeping with the 
colonizers’ view that the Rupununi savannahs were suitable for supporting cattle. The ranching 
industry peaked between the 1930s - 1950s, but declined rapidly after a ranchers’ revolt in 1969 
(Colchester, 1997). The decline of the ranching industry over the years allowed Amerindians to 
lobby for legal ownership of lands and by the end of 2008 there were 25 legally-titled Amerindian 
communities in the Rupununi (LCDS, 2009) (Figure 2.1). The Amerindians of the Rupununi still 
depend heavily on the forests and savannahs around them for subsistence (David et al., 2006; Read 
et al., 2010), with swidden agriculture the primary means for households to obtain their staple 
cassava and other food supplies. 
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Access to the Rupununi has been limited until recently which meant that the area’s natural resource 
base escaped large-scale commercial exploitation. Scholars have suggested that the forests of the 
Rupununi, like those in other interior locations of Guyana, have experienced little anthropogenic 
disturbance (ter Steege, 2003; van der Hout and Zagt, 2003) with natural disturbance, characterized 
by branch-falls and swidden-agriculture at the two ends of the disturbance spectrum, the prominent 
features of the disturbance regime. Within the past decade, however, there has been a marked 
improvement in access to the Rupununi, making the area attractive to various resource users, 
including gold miners, commercial farmers (Stabroeknews, 2009), tourism operators, and 
commercial loggers. The Rupununi connects Brazil’s Roraima State through a road, currently 
unpaved, to coastal Guyana (Figure 2.1). Efforts are underway to improve the road (Seales, 2010) 
which will likely increase the potential for larger-scale logging, gold mining and other commercial 
activities. Even though such changes could present communities with alternatives to their 
subsistence livelihood activities (Communities of the North Rupununi, 2006), it could also have 
implications for overall forest equilibrium (Martini et al., 1994; Uhl et al., 1991) impacting the 
survival of wildlife populations hunted by Amerindians and multiple-use plant species. 
 
Commercial logging, for instance, was non-existent in the Rupununi a decade or so ago, but it is 
well known that the area harbors many valuable timber species. Today, there are a number of 
commercial timber operations in the area, albeit at small to medium-scales and or subscribing to 
reduced-impact logging principles that can impact multiple-use plants. Current commercial 
logging activities include the sustainable logging initiative in the forests of the IIC, and by Village 
19 (Figure 2.1). In the case of Village 19, logging may be described as small-scale based on the 
equipment and wood processing facilities used. Felling and processing of trees into lumber is done 
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by chainsaws at the site of felling. In contrast, logging in the IIC may be described as medium-
large scale (K. Rodney personal communication) within the larger Guyana context. There is 
significant external investment; the equipment utilized includes skidders and other machinery to 
remove felled logs from the forests to a central processing facility, and the final sawn boards are 
exported from the region.  
 
In addition to logging, the Rupununi has attracted interest from gold miners and oil exploration 
teams. The gold mines at Marudi Mountains in the Southern Rupununi (Figure 2.1) attract coastal 
Guyanese and Brazilian miners, who engage in small and medium-scale mining operations (Figure 
2.2). But there are also plans for major investments in large-scale gold and diamond mining by the 
Canadian firm Romanex Guyana Exploration Limited (Guyanafrontier.com, 2012; 
Kaieteurnewsonline.com, 2011; Stabroeknews, 2009). Non-consumptive natural resource-use is 
also a part of the Rupununi landscape, including protected areas, and a conservation area. Two 
protected areas exist in the region: IIC and the Kanuku Mountains Protected Areas (KMPA) 
(Figure 2.1). The IIC is divided into two zones: the Sustainable Utilization Area (SUA) and the 
Wilderness Preserve (WP); with logging taking place in the SUA and Village 23.  There is also a 
conservation concession located east of the KMPA, (Figure 2.1) managed by Conservation 
International. This diversity of land uses across the Rupununi could have implications for the 
management of multiple-use plant species with management ideals differing in protected areas, 
Amerindian lands, and commercial extraction areas, which could result in plants being managed 
differently within their range. 
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2.3. METHODS  
2.3.1. Sampling procedure and data collection 
Data on trees and palms were collected from fourteen study sites distributed across the Rupununi 
landscape (Figure 2.1) during the period July – December, 2008.  The study sites were a sub-set 
of communities and control areas participating in a larger project (see Luzar et al., 2011 and Read 
et al., 2010 for details). As described in Read et al. (2010), study sites were selected based on their 
spatial distribution throughout the study area, their location with respect to vegetation types and 
topographic characteristics, proximity to other communities, and willingness of community 
members to participate in the project. The sub-set of study sites were the predominantly forested 
sites from those sampled by Luzar et al. (2011) and Read et al. (2010). Twelve Amerindian 
communities and two unhunted controls were sampled. 
 
Once a transect was selected for sampling, a two-person team (a locally-trained tree spotter and a 
recorder) inventoried all trees greater than 25cm diameter-at-breast-height (dbh). In cases where 
trees had an irregularity or buttress at breast-height, diameter measurements were taken above 
these (Polak, 1992). A minimum tree size of 25cm dbh was chosen as TK suggested that most 
trees that provide food for wildlife produce fruits consistently and vigorously at around this size. 
Sampling from 25 cm dbh also allowed for trees that are of interest to all resource users to be 
included. Commercial species in Guyana are generally logged at stem diameters >40 cm (see 
example Appendix 1.1) while for traditional purposes, including fuelwood, trees are harvested at 
various sizes depending on their intended uses. Furthermore, sampling at this minimum size 
allowed for plant identification errors to be reduced, as it assumed that tree spotters would be better 
able to identify larger trees than smaller ones thereby resulting in a more accurate inventory. In 
39 
 
Figure 2.2. : Rupununi land-use, clockwise from top left: gold mining in the Marudi Mountains 
area using high-powered water pumps and excavators; swidden agriculture; road connecting 
Guyana and Brazil; community-based logging; and oil exploration equipment.  
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In addition to trees, mature palms (dbh of palms was not measured), with maturity defined by 
evidence that a palm had borne fruits in the past (fruits, seeds, or seedlings on the forest floor, 
empty bunches on stems or the forest floor), were also inventoried.  
 
A 10-meter belt transect (Figure 2.3) was used for inventorying all trees and palms. For each plant 
that met the sampling criteria, inventory teams recorded: location along a transect; that is, the 
distance a plant was found along a transect; direction a plant was located off a transect’s imaginary 
center line - right or left; distance away from a transect’s imagery center line (offset), dbh (for 
trees); and local name. Distance markers were placed at 25m intervals along transects to aid in 
estimating the distance plants were located along a transect. Where the local name of a tree was 
not known at the time of sampling, plant parts including leaves, barks, and fruits, were collected 
and used to consult the literature, elders and hunters to identify that tree. Trees were labeled as 
“unidentified” in cases where after consulting with these sources a positive identification was not 
possible. 
 
2.3.2. Data Analysis  
2.3.2.1.Botanical names and resource-use classes   
The common name attached to each plant in the inventory was translated to a botanical name, 
where possible, using the literature, including Forte (1996), Iwokrama (2008), Polak (1992), 
Roosmalen (1985), and van Andel (2000), consultation with other researchers and IIC personnel. 
Each plant was assigned to one or more of four major resource-use classes, based on the literature 
and local knowledge or TK (Parrotta and Trosper, 2012) of their uses in the Rupununi or elsewhere 
in Guyana for traditional and other purposes:  
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Figure 2.3: Schematic representation of the 10-meter belt transect used for completing the 
inventory of trees and palms. This schematic shows a 50m transect segment, the right and left side 
of a transect’s imaginary center line, and representations of trees (circles). 
 
 
 
 
 
 
 
 
 
 
1. Commercial timber: genus or species of tree actively logged for commercial timber in Guyana. 
2. Wildlife food: genus or species of tree or palm that provide food for wildlife (hunted or not). 
In a few cases, data on the dispersal mode of a plant family were used to determine animals 
that are likely associated with a species in the inventory.  
3. Traditional uses: genus or species of tree or palm used by Amerindians for medicinal purposes, 
traditional weaponry, boat crafting, traditional utensils, home construction, thatching, 
fuelwood, making beverages, fruits eaten or other purposes. 
4. No known uses: at the time of analysis no resource uses could be determined for this genus or 
species.   
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Based on this classification, multiple-use species were those that intersected resource-use classes 
1 through 3. For each species of plant sampled, it was determined whether their fruits are eaten by 
one or more of the hunted wildlife species in the Rupununi, with particular attention to the  
most commonly-hunted species (Read et al. 2010):  paca or labba (Agouti paca), agouti 
(Dasyprocta leporina), white-lipped peccary (Tayassu pecari), collared peccary (Pecari tajacu), 
red brocket deer (Mazama americana), red footed tortoise (Chelonoidis carbonaria), white-tailed 
deer (Odocoileus virginianus), tapir (Tapirus terrestris), powis or black curassow (Crax alector), 
acouchy (Myoprocta acouchy) and marudi or spix's guan (Penelope jacquacu). In addition to 
hunted wildlife, TK and the literature (e.g. Roosmalen, 1985) provided information on other 
mammals and birds, including frugivorous primates, that depend on the fruits of plants of the 
Rupununi for food. The resulting database of plants included a list of tree and palm species, a 
resource-use class for each species, the purpose for which the species is used, and where 
appropriate, the species of animals that depend on the fruits of that species.  Wildlife and their 
food sources were separated based on their importance to the Amerindian diet; hunted species 
(listed above) were separated from unhunted species, such as frugivorous primates.  
 
2.3.3. Size-Class distributions 
A commonly-used tool in forestry and ecology - the reverse-J curve – was adopted to conduct an 
initial probe into the structure of the Rupununi forests. In silviculture a stand is inventoried and 
based on management objectives, calculations are made to determine how many trees should be 
left in each diameter class. The excess trees are harvested (Ducey, 2006). Since the objective was 
to gain an understanding of forest structure, given the data, increments of 10cm dbh were used to 
separate the sample into size-classes. The non-palm portion of the sample was separated from the 
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tree portion. It is acknowledged that studies into forest structure normally use the entire range of 
diameters of trees found in a forest (see for example Condit et al., 1998; Hitimana et al., 2004; 
Klimas et al., 2007; Sano, 1997; Svensson and Jeglum, 2001) to make inferences on population 
structure. Trees were placed into nine diameter size-classes as follows: 25-34 cm, 35-44 cm, 45-
54 cm, 55-64 cm, 65-74 cm, 75-84 cm, 85-94 cm, 95-104 cm and >105 cm and used to plot size-
class curves, and conduct what I termed an initial probe into forest structure. Using the size-classes 
allowed for the sample to be balanced across sizes as generally in an uneven-aged stand the number 
of stems declines with increasing stem size (Condit et al., 1998; O’Hara and Gersonde, 2004). 
Stem size curves were completed at four levels: study area (Rupununi), forested versus forest-edge 
study sites, resource-use classes and selected multiple-use tree species found in the intersection 
between commercial timber, wildlife food and traditional uses, and qualitatively compared for 
likeness to the reverse-J curve. 
 
2.4. RESULTS 
2.4.1. Inventory Description 
The inventory contained 33,457 trees and palms from forty-one (41) families and “unidentified” 
at the fourteen study sites from ninety-two transects (Table 2.1). The number of trees and palms 
observed at the various sites varied, but not surprisingly, the forested study sites, with the exception 
of Control 3, had a higher number of trees than forest-edge study sites. Of the forest-edge study 
sites, Village 19 had the highest number of trees followed by Villages 18  and 20; Village 17  had 
the lowest number of trees overall (Table 2.1). The sample was dominated by twelve families: 
Leguminosae (Caesalpiniaceae), Palmae, Chrysobalanaceae, Leguminosae (Papilionoideae), 
Sapotaceae, Lecythidaceae, Bombacaceae, Leguminosae (Mimosaceae), Apocynaceae,  
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Table 2.1: Study site characteristics and the number of plants sampled at each site. 
Study Site Number of Transects 
sampled 
Study Site Classification Number of Trees 
Control 3 8 Forested 2020 
Control 4  8 Forested 3392 
Village 1 8 Forested 3326 
Village 12 6 Forest edge 1710 
Village 13 3 Forest edge 1332 
Village 14 6 Forest edge 1793 
Village 17 3 Forest edge 381 
Village 18 6 Forest edge 2566 
Village 19 8 Forest edge 2700 
Village 20 7 Forest edge 2039 
Village 21 8 Forested 3049 
Village 22  8 Forested 4389 
Village 23 8 Forested 3521 
Village 5 5 Forest edge 1239 
Total 92  33,457 
 
Burseraceae, Bignoniaceae, Lauraceae (77 % of all trees) each accounting for more than 2% of 
plants (Appendix 1.2). An additional ten families (Moraceae, Goupiaceae, Meliaceae, 
Anacardiaceae, Vochysiaceae, Annonaceae, Guttiferae, Humiriaceae, Sterculiaceae, and 
Combretaceae) accounted for 1% each in the sample and when aggregated with families that 
accounted for more than 2% each of the sample represented 91% of all plants. Caesalpiniaceae 
(12.37%) and Palmae (10.41%) accounted for more than 10% each of the sample, while 
Chrysobalanaceae (9.47%), Papilionaceae (9.04 %), Sapotaceae (7.78 %), Lecythidaceae (7.09 %), 
Bombacaceae (6.55 %) each had more than 5 % of the sample. It is worth nothing that Mimosaceae 
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(3.53 %), Apocynaceae (3.50 %) and unidentified plants (3.01 %) accounted for more than three 
percent of the sample. Four families: Moraceae (Cecropiaceae), Myrtaceae, Ebenaceae and 
Polygonaceae had fewer than 20 individuals in the sample (Appendix 1.2).  More to the species 
level (32 to the genus level only). Twenty-five groups of plants were not identifiable beyond the 
common-name level, but TK still allowed us to place some of these than 165 groups1 of plants 
were positively identified to at least the genus level, with 133 groups groups into resource-use 
classes.  Eleven groups: Mora excelsa (6.55 %), Catostemma commune (4.94 %), Swartzia 
leiocalycina (4.33 %), Parinari campestris (3.57 %), Attalea maripa (3.50 %), Manilkara 
bidentata (3.26 %), Euterpe oleracea (2.93 %), Eschweilera subglandulosa (2.69 %), Licania alba 
and L. majuscula (2.38 %), Licania laxiflora (2.36 %) and Aspidosperma excelsum (2.17 %) each 
had more than 2% of the sample. An additional five groups: Eperua spp., Tabebuia serratifolia, 
Peltogyne spp., Goupia glabra and Oenocarpus bacaba had more than 500 individuals in the 
sample. Using a measure of less than twenty individuals to suggest a group was rare, 49 groups 
could be so classified. Of these groups, 32 had ten individuals or less in the sample. 
 
2.4.2. Resource-use classes  
The single resource-use classes: commercial timber, traditional uses, wildlife food, and no known 
uses, accounted for 7.72 %, 5.37 %, 3.56 %, and 1.99 % of the sample respectively (Table 2.2, 
Figure 2.4). Eighteen groups were classified as commercial timber only and this class was 
dominated by the families Caesalpiniaceae (6 species), Miliacae (2 species), and Papilionoideae(2 
species). Eight other families had one species each in this class. Eighteen groups were classified 
                                                          
1The term groups of plants is used in this chapter to refer to plants that were identified to the genus or species level. 
In many instances a common name may have referred to more than one plant species (see examples of this occurrence 
in van Andel, 2000; Polak, 1992; and Roosmalen, 1985). Since this analysis refers to genus and species, it seemed 
more efficient to use the term group to refer to them both. 
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as wildlife food only in eleven families. Guittiferae (Clusia cuneata, Rheedia macrophylla and 
Tovomita spp.), Palmae (Astrocaryum jauari, Attalea speciosa and Mauritia martiana), 
Sapotaceae (Chrysophyllum spp. and Ecclinusa guianensis) and Apocynaceae (Geissospermum 
sericeum and Parahancornia fasciculata) were notable families and species in this class. Fifteen 
groups were classified as traditional uses only. There was no clear pattern of dominance by a single 
family in this class, as eight families had one individual each. An additional three families: 
Annonaceae, Bignoniaceae, and Leguminosae (Mimosaceae) had two species each in this class. 
Four groups identified to the genus or species level had no known uses based on the literature and 
TK.  
 
The intersection of the three major resource-use classes, commercial timber, wildlife food, and 
traditional uses, led to the emergence of four multiple-use classes:  
1. Commercial  timber and wildlife food 
2. Commercial timber and traditional uses 
3. Wildlife food and traditional uses 
4. Wildlife food, commercial timber, and traditional uses  
 
More than 81% the plants were classified as multiple-use, or 111 of the 165 groups of plants 
positively-identified to the genus or species level. The multiple-use class wildlife food, commercial 
timber and traditional uses was the most abundant, accounting for 45.14 % of the sample (Table 
2.3, Figure 2.4). The other three multiple-use classes - commercial timber and wildlife food, 
commercial timber and traditional uses, and wildlife food and traditional uses - accounted for 6.32 
%, 7.69 % and 22.20% of the sample, respectively. Three of the four multiple-use classes -  
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Figure 2.4: The distribution of plants sampled in the Rupununi by percentage in the four single 
resource-use classes and the four multiple-use classes with the number of groups in each class. 
 
 
commercial timber and traditional uses, wildlife food and traditional uses and commercial 
timber,and traditional uses, wildlife food and traditional uses and commercial timber, traditional 
uses and wildlife food - were in the top four most abundant classes. The fourth multiple-use class, 
wildlife food and commercial timber, ranked fifth in the sample (Table 2.2). These findings suggest 
that multiple-use plants are the foundation of the Rupununi forest ecosystem.  
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2.4.3. Wildlife food, Commercial timber and Traditional uses  
At least forty-one species in the sample were classified as wildlife food, commercial timber and 
traditional uses. Seventeen of these species were noted, either in the literature or by TK, as being 
important to the diet of hunted wildlife (Table 2.3). The remaining species are eaten by birds 
(including species that are trapped) or frugivorous primates. It is possible that this class could be 
expanded primarily because there are a number of common names that refer to more than one 
species. For instance, in Guyana crabwood generally refers to Carapa guianensis,  
 
Table 2.2: Distribution of trees into the eight resource-use classes, the percentage of the sample in 
each class and the rank each class occupied in the overall sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Single-use Classes: Number of 
individuals  
Percentage  Rank 
Commercial timber  2583 8 3 
Wildlife food  1192 4 7 
Traditional uses  1798 5 6 
No known uses  667 2 8 
Single Classes Total: 6240 19  
Multiple-use Classes:    
Commercial  timber/wildlife food 
 
2114 6 5 
Commercial timber/traditional uses  2573 8 4 
Wildlife food/traditional uses  7427 22 2 
Wildlife food/Timber/Traditional uses  15103 45 1 
Multiple-use Classes Total 27217 81  
Grand Total 33457 100  
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Table 2.3: Plants in the commercial timber, traditional uses and wildlife food class, and the species 
of wildlife that depend on their fruits.  
Family/Species Common name Abundance  Eaten by 
Bombacaceae:    
Catostemma commune Baromalli 1653 agouti, deer, tapir, howler* and spider 
monkeys*, bats* 
Pachira spp. Kanahia 361 genus synzoochorous scatter-hoarding 
rodents, such as agoutis and acouchis1 
Boraginaceae    
Cordia alliodora Freijor  85 genus endozoochorous (birds, monkeys) 1 
Burseraceae:    
Protium decandrum Kurokai 358 agouti, marudi, powis (black curassow), 
deer, capuchin* 
Caryocaraceae:    
Caryocar nuciferum Sawari nut 13 tapir, deer, labba, spider monkey* 
Chrysobalanaceae:    
Licania alba and L. majuscula Kautaballi 795 agouti  
Parinari campestris Burada 1196 macaws*, saki monkeys*  
Flacourtiaceae:    
Laetia procera  Warakairo  30 endozoochorous: several birds and most 
primates1 
Goupiaceae:     
Goupia glabra  Kabukalli  542 genus endozoochorous(howler and spider 
monkeys, birds) 1 
Guttiferae:      
Calophyllum spp.  Cassava mama 41 genus endozoochorous (birds, monkeys)1 
Symphonia coccinea Manniballi 21 family endozoochorous or synzoochorous 
(birds, monkeys)1,2 
Symphonia globulifera Manni 140 family endozoochorous or 
synzoochorous(birds, monkeys) 1,2 
Humiriaceae:    
Humiria balsamifera Tauroniro 344 deer, peccaries, powis, marudi, tortoise, 
foxes*, macaws*, other birds* and 
monkeys* 
Lauraceae:    
Licaria cannella Brown Silverballi 8 family endozoochorous (specialized 
frugivores: toucans, cotinga, guans, 
spider and howler monkeys) 1 
Chlorocardium rodiei Greenheart 248 agouti, labba, and white lipped peccaries 
Ocotea spp., Aniba spp. Silverballi 395 family endozoochorous (specialized 
frugivores: toucans, cotinga, guans, 
spider and howler monkeys) 1 
Lecythidaceae:    
Eschweilera alata Guava Skin Kakaralli 117 monkeys* 
Lecythis corrugata Wina Kakaralli 266 monkeys* 
Eschweilera decolorans Smooth-Leaf 
Kakaralli 
15 labba, several monkeys* 
Eschweilera sagotiana Common Black 
Kakaralli 
232 monkeys, birds* 
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Family/Species Common name Abundance Eaten by 
Eschweilera wachenheimii Fine Leaf Kakaralli 1 monkeys* 
Lecythis cf. chartacea Monkey Pot - small 1 labba 
Lecythis zabucajo Monkey Pot 278 labba 
Leguminosae 
(Caesalpiniaceae): 
   
Hymenaea courbaril Locust 104 agouti, labba,tapir, peccaries, monkeys* 
(saki, capuchin) 
Mora excelsa Mora 2193 peccaries, deer and tapir eat newly 
germinated seedlings 
Peltogyne spp.  Purpleheart  581 genus endozoochorous (especially spider 
monkeys) 1 
Peltogyne venosa 
  
Purpleheart saka 15 genus endozoochorous (especially spider 
monkeys) 1 
Leguminosae (Mimosaceae):    
Inga alba Maporakon 414 agouti, labba, tapir, deer, powis, marudi, 
peccaries, parrots*, capuchin* and 
spider* monkeys 
Abarema jupunba  Huruasa  118 endozoochorous spider monkeys1 
Leguminosae 
(Papilionoideae): 
   
Dipteryx odorata Tonka bean 19 toucans* and other birds* 
Ormosia spp. Barakaro 190 peccaries 
Swartzia leiocalycina Wamara 1448 genus zoochorous (bats, rodents, 
monkeys) 1 
Meliaceae:    
Carapa guianensis, C. procera Crabwood 431 agouti, labba, peccaries 
Moraceae:    
Bagassa guianensis Cowwood 124 tapir, deer, peccaries, labba, agouti 
Brosimum spp.  Letterwood 267 endozoochorous spider monkeys and 
birds1 
Myristicaceae:    
Virola surinamensis Swamp Dalli 63 monkeys, toucans and other birds 
Sapotaceae:    
Manilkara bidentata Bulletwood 1091 peccaries, tapir, deer, tortoise, labba, 
agouti, spider* and howler monkeys*,  
macaws* 
Pouteria cuspidata Kokoritiballi 312 agouti, red brocket deer, labba, monkeys* 
Pouteria guianensis Asepoko 381 agouti, red brocket deer, labba, spider* 
and howler monkies*, capuchins* 
Simaroubaceae:    
Quassia spp.   Angelina Rock 44 genus endozoochorous (spider and 
howler monkeys) 1 
Quassia simarouba Simarupa 168 genus endozoochorous (spider and 
howler monkeys) 1 
Grand Total  15103  
*species not hunted - data from traditional knowledge and substantiated by Roosmalen (1985) 
1data from Roosmalen (1985) 
2 data from Forget and Hammond (2005) 
The scientific names of hunted wildlife species are provided in text. Howler monkey (Alouatta seniculus); spider monkey (Ateles 
paniscus); white saki (Pithecia pithecia); bats (Artibeus lituratus among other species); black saki (Chiropotes satanas); capuchin 
(Cebus paella, Cebus olivaceus); toucans (Ramphastos toco, Ramphastos vitellinus); macaws (Ara ararauna, Ara macao, Ara 
nobilis) are listed above. 
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but the literature (e.g., Polak, 1992; Sanogo and Sacande, 2007; Fisch et al. 1995) and TK suggests 
that C. procera may also be present in the study area. Fisch et al. (1995) noted that it is difficult to 
separate these two species under normal field conditions. No attempt was made to differentiate 
between these species during sampling. Similarly, the common name Kautaballi includes at least 
two species found in the Rupununi: Licania alba and L. majuscule (Roosmalen, 1985; Polak, 
1992). In terms of their value as wildlife food, the species of the Carapa genus have a limited 
range, as only the hunted rodent species (Table 2.3) which disperse their seeds (Forget et al., 1999; 
Forget and Jansen, 2006) have a strong connection to these. The traditional value of Carapa spp. 
is, however, in little doubt; the seeds of Carapa are widely utilized by Amerindians and other 
groups alike throughout Guyana and Amazonia (Costa-Silva et al., 2008; Klimas et al., 2007; 
Plowden, 2004; Shanley and Luz, 2003; Sullivan and O’Regan, 2003; van Andel, 2000) for its oil 
that has multiple medicinal applications, including as a mosquito repellent (see Klimas et al., 
2007). In fact IIC work with the people of the Rupununi to produce and market the oil derived 
from the Carapa seeds (crab oil (Guyana) or Andiroba (Brazil). Likewise, in the NWD, the Guyana 
Marine Turtle Conservation Society (GMTCS) worked with Amerindian communities to produce 
and market crab oil.  
 
Another species in this class that shares the distinction of “special” along with C. guianensis (CEA 
Limited 2004a; CEA Limited 2004b), is Manilkara bidentata. M. bidentata has a wider range of 
utility as a wildlife food source than crabwood. TK suggested that all the hunted wildlife species 
eat the fruits of this tree. Despite a more limited range of utility as wildlife food source being 
suggested by van Andel (2000) for this species, its importance is difficult to ignore. As noted 
earlier, M. bidentata has long been recognized as a commercial timber species (Polak, 1992). The 
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traditional and NTFP value of M. bidentata is also well known in the Rupununi, Guyana and 
beyond. Traditionally Amerindians used balata to make utensils (gubies) for storing water and 
beverages; and the fruits of M.bidentata are eaten (Forte, 1996). Further, there was once a thriving 
trade for the sap of M. bidentata in the Rupununi during the 1970s and 1980s. In fact, Village 22 
(Figure 2.1) was established primarily around the balata business. However, in recent times the 
dependence on balata in the Rupununi has waned, except for Village 13 where balata is used to 
make figurines of animals and common articles found in the Rupununi for local and export 
markets. During data collection, on more than one occasion balata was observed being bled for 
traditional purposes. 
 
Similar to C. guianensis, Chlorocardium rodiei (greenheart) only seems to attract the hunted 
scatter-hoarding rodent species (Hammond et al, 1999) and peccaries (TK). However, this species 
has been heavily logged in Guyana (ter Steege et al, 2002; Zagt, 1997) and is listed by the 
International Union for the Conservation of Nature and Natural Resource (IUCN) as a threatened 
species (iucnredlist.org, 2012). It is worth noting too, that C. rodiei has a limited distribution range, 
observed only in Guyana and Suriname (Zagt, 1997), and only found in samples from Village 23 
and Control 4 in this study. The traditional uses of C. rodiei are primarily medicinal. The seeds are 
used for a number of human maladies including the delay of menstruation, treatment of parasitic 
worms and skin diseases (Forte, 1996).  
 
This multiple-use class included species with low abundance in this sample. The fruits of Caryocar 
nuciferum for instance, are eaten throughout forested Guyana, and fruits were observed at various 
Rupununi homes during data collection. Yet trees were only observed at two study sites – Villages 
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18 and 23. It should be noted too, that C. nuciferum is not identified as a major timber species 
(Polak, 1992), but van Andel (2000) noted that it is logged and used in boat making along coastal 
Guyana. In addition, some of the most abundant species observed, namely Catostemma commune, 
Parinari campestris, Mora excelsa, and Protium decandrum were included in this multiple-use 
class. In some instances the traditional uses of these species are well established, but not so their 
value as wildlife food. M. excelsa illustrated this point. TK suggested that the fruits and seeds of 
M. excelsa are eaten by paca and peccaries. TK also suggested that deer, tapir and peccaries browse 
on the newly germinated seedlings. However, the literature, in particular Roosmalen (1985), noted 
that M. excelsa is hydrochorous. Similarly, TK suggested that the fruits of Ormosia spp. are eaten 
by peccaries, but Roosmalen (1985) noted that the genus is endozoochorous with birds mainly 
dispersing these seeds. In the case of Licania alba and L. majuscula (Kautaballi) van Andel (2000) 
noted that the name given to L. alba by the Warrau people of the NWD translates to ‘agouti food 
tree’ as these rodents’ feed on the seeds of the tree. The traditional uses of Eschweilera alata 
(house posts), E. sagotiana (head straps and lashing materials, house construction, and seeds used 
as bait in bird traps), E. wachenheimii (bark used for head straps and lashing materials and house 
construction), L. corrugata (house construction), Virola surinamensis (used for making Arawak 
musical instruments and the sap is used for treating thrush in babies and also gargled for tonsillitis 
and toothaches), Pouteria cuspidate (house construction) and Lecythis cf. chartacea (lashing 
material) were noted by van Andel (2000) for their utility in the NWD. It seems likely that these 
species are similarly utilized in the Rupununi, but this was not revealed during data collection or 
through the literature (e.g., Forte, 1996).  
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Sixteen groups in this class were included based solely on the data provided by Roosmalen (1985) 
on their interaction with wildlife. Abarema jupunba, Brosimum spp., Calophyllum spp., Cordia 
alliodora, Goupia glabra, Licaria canella, Laetia procera, Ocotea spp., and Aniba spp., Pachira 
spp., Peltogyne spp., Peltogyne venosa, Swartzia leiocalycina, Quassia simarouba and Quassia 
spp. were listed at the genus or species level, and in the two exceptional cases of Symphonia 
coccinea and Symphonia globulifera, at the family level, as being either synzoochorous or 
endozoochorous. Pachira spp. however, is the only group listed as being dispersed by hunted 
wildlife (agoutis and acouchis) synzoochorously. Forget and Hammond (2005) indicated that the 
Symphonia genus is an important food source for the red brocket deer. Besides these, the others 
are primarily of interest to frugivorous primates and birds. Traditionally, Pachira spp. and L. 
Procera are utilized as fuelwood, while C. alliodora, Calophyllum spp., G. glabra, Peltogyne spp., 
and Quassia spp. are used in house construction and for making canoes (van Andel, 2000). G. 
glabra has medicinal applications with the boiled bark being used to treat eczema; and leaves and 
boiled bark for chickenpox. The bark scrapings of G. glabra are used to relieve toothache (van 
Andel, 2000). P. venosa is used in house construction, A. jupunba is used as a soap substitute (van 
Andel, 2000) and Brosimum spp. is used to make bows and other traditional materials like walking 
sticks. S. coccinea and S.globulifera are used for making canoes in both the Rupununi and the 
NWD. But van Andel (2000) pointed out that medicinally the boiled bark of S. coccinea and 
S.globulifera is used to treat abscesses and diarrhea and thrush in babies. The traditional uses of 
Licaria canella, Ocotea spp., Aniba spp., Swartzia leiocalycina and Quassia simarouba were noted 
by Forte (1996) based on the knowledge of the Makushi people (primarily women) of the North 
Rupununi. Ocotea spp., Aniba spp., Swartzia leiocalycina and Quassia simarouba are all listed by 
Polak (1992) as major timber species. Licaria cannella is used in house construction and the bark 
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is used medicinally and for tanning leather. Ocotea spp., Aniba spp. (common name Silverballi) 
refers to a number of tree species, and was a point of uncertainty in this analysis as it was unclear 
as to which of these species the traditional uses, primarily their uses in house construction and for 
making paddles (Forte, 1996), referred. Forte (1996) points out too, that Swartzia leiocalycina is 
a much favored fuelwood, while Quassia simarouba is used by the Makushi for house 
construction. This multiple-use class, all trees, includes species that are critical, not only to 
wildlife, but also to the Amerindian culture in the Rupununi, Guyana and Amazonia. In the case 
of Guyana, the logs or processed wood of many species are sold to earn critical foreign exchange.  
  
2.4.4. Commercial Timber and Wildlife Food 
The commercial timber and wildlife food class accounted for 6.32 % of the sample with twenty 
groups (Table 2.4). The plants in this class, even though they provide food for hunted wildlife, are 
more important for the frugivorous primate population of the Rupununi. TK suggested that three 
species: Eschweilera chartacea, E. subglandulosa and Lecythis confertiflora, are only eaten by 
frugivorous primates and birds. Sixteen groups of plants were included in this class based primarily 
on data from Roosmalen (1985) which suggested that these species, genus, or in a few cases 
families, are dispersed by frugivorous primates either endozoochorously or synzoochorously. In a 
few instances, scatter hoarding rodents also played a role in dispersing these seeds. However, 
Forget and Hammond (2005) suggested, based on data provided by Gayot (2000) and Gayot et al. 
(2004) that Swartzia benthamiana is a food source for red and grey brocket deer. Forget and 
Hammond (2005) also suggested that the fruits of most of the trees in the Leguminosae family, a 
number of which are included in this class, are eaten by the wildlife species hunted in the 
Rupununi. Even though the groups in this class are of more importance to frugivorous primates 
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than hunted species, these are still important as the primates play critical ecological functions 
(Forget and Hammond, 2005; Roosmalen, 1985). This is an area that requires further research as 
Forget and Hammond (2005) suggested that the diet of the primates and ungulates (deer, tapir and 
peccaries) needs to be better understood. Further research may in fact lead to a larger number of 
groups being included or excluded from this multiple-use class.  
 
2.4.5. Commercial Timber and Traditional Uses 
The commercial timber and traditional uses class accounted for 7.69 % of plants (Figure 2.4; Table 
2.5). There were eleven positively identified groups of plants in this class (Table 2.5). Of these, 
seven groups: Clathrotropis brachypetala, Clathrotropis macrocarpa, Diplotropis purpurea, 
Eperua spp., Tabebuia insignis, Tabebuia serratifolia and Pterocarpus rohrii, are major timber 
species (Polak, 1992). Species of the Cedrela genus are also listed as major timber species (Polak, 
1992) and TK suggested that the species identified in this study are logged. TK also suggested that 
Talisia spp. is a timber species.  However, the data suggested that the traditional uses of the species 
in this multiple-use class are not universal. Some species are only used for traditional purposes in 
the Rupununi, while others are only used in the NWD and coastal Guyana (Table 2.5).  
 
2.4.6. Wildlife Food and Traditional Uses  
The wildlife food and traditional uses class accounted for 22.20 % of plants, with thirty-nine 
groups (Table 2.6). This was the second largest multiple-use class; dominated by Palmae (8 
species), Anacardiaceae (4 species), Annonaceae, Chrysobalanaceae, and Guttiferae (3 species  
each). The palms in particular, were cited as being critical in Amerindian culture, including their 
fruits being eaten, while for at least two species in the Rupununi - Mauritia flexuosa (Ite), and  
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Table 2.4: Multiple–use species in the wildlife food and commercial timber class and the wildlife 
species that depend on the fruits of these species.  
Family/Species 
Common 
name Abundance 
Eaten by 
Hunted 
Wildlife? Eaten by 
Bombacaceae:     
Catostemma fragrans 
Sand 
Baromalli 7 Yes 
agouti, red and grey brocket deer, tapir, bats, 
howler and spider monkeys* 
Burseraceae:     
Trattinickia rhoifolia Ulu 148 No genus endozoochorous (especially birds)1 
Guttiferae:     
Calophyllum lucidum Kuruhara 28  genus endozoochorous1 
Platonia insignis Kaslego 52 Yes monkeys, peccaries* 
Lauraceae:     
Aniba hypoglauca 
Yellow 
Silverballi 11 No 
family endozoochorous (specialized frugivores: 
toucans, cotinga, guans, spider and howler 
monkeys) 1 
Ocotea canaliculata 
White 
Silverballi 6 No 
family endozoochorous (specialized frugivores: 
toucans, cotinga, guans, spider and howler 
monkeys) 1 
Ocotea rubra Determa 11 No 
family endozoochorous (specialized frugivores: 
toucans, cotinga, guans, spider and howler 
monkeys) 1 
Ocotea spp. 
Kereti 
Silvaballi 41 No 
family endozoochorous (specialized frugivores: 
toucans, cotinga, guans, spider and howler 
monkeys) 1 
Lecythidaceae:     
Eschweilera chartacea 
Broad Leaf 
Kakaralli 1 Yes 
parrots, macaws*; genus synzoochory: (scatter-
hoarding rodents) and several monkey species 
Eschweilera spp. 
White Skin 
Kakaralli 1 Yes 
genus synzoochorous: (scatter-hoarding rodents) 
and several monkey species1 
Eschweilera 
subglandulosa 
Black 
Kakaralli 899 Yes  
macaws, parrots*; genus synzoochory: (scatter-
hoarding rodents) and several monkey species1 
Lecythis confertiflora 
Werimiri 
Kakaralli 147 No 
genus endozoochorous (spider monkeys) and 
synzoochorous (bats) 1 
Leguminosae 
(Caesalpiniaceae):    
 
Mora gonggrijpii Morabukea 7 Yes 
peccaries, deer and tapir eat newly germinated 
seedlings* 
Leguminosae 
(Papilionoideae):    
 
Ormosia coutinhoi Korokororo 68 No genus endozoochorous (birds) 1 
Swartzia benthamiana Itikiboroballi 136 No genus zoochorous (bats, rodents, monkeys) 12 
Myristicaceae:    genus zoochorous (bats, rodents, monkeys) 1 
Iryanthera lancifolia Kerikowa 138 No 
genus endozoochorous (specialized frugivores, 
such as toucans, guans, cotingas, monkeys) 1 
Iryanthera spp. 
Black 
Kerikowa 15 No 
genus endozoochorous (specialized frugivores, 
such as toucans, guans, cotingas, monkeys) 1 
Virola michelii Hill Dalli 51 No 
genus endozoochorous (specialized frugivores, 
such as toucans, guans, cotingas, monkeys) 1 
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Family/Species 
Common 
name Abundance 
Eaten by 
Hunted 
Wildlife? 
Eaten by 
Sapotaceae:     
Pouteria speciosa Suya 193 Yes labba, agouti, peccaries, tapir* 
Verbenaceae:     
Vitex stahelii Hakiaballi 154 No 
genus endozoochorous (spider and howler 
monkeys) 1 
Grand Total  2114   
1data from Roosmalen (1985) 
2 data from Forget and Hammond (2005) 
*data from Rupununi traditional knowledge 
 
Attalea maripa (Kokerite) - their leaves are used for thatching roofs and basketry, including 
crafting tools for processing cassava, among other traditional items (Forte, 1996). To emphasize 
the importance of palms to the Rupununi, Village 19 has designated a portion of land that includes 
stands of M. flexuosa as a conservation area. The fruits of the Ite palm (M. flexuosa) are also 
important wildlife food sources (Fragoso, 1999; Fragoso and Huffman, 2000), especially for  
peccaries and tapir. The fruits of Oenocarpus bacaba and Oenocarpus bataua are heavily utilized 
in the Rupununi. But there seems to be less of a preference for the fruits of Euterpe oleracea or its 
heart of palm by Rupununi Amerindians. Nevertheless E. oleracea’ s value is well appreciated in 
the Rupununi. Kokerite (A. maripa) is probably the most significant source of wildlife food of 
these palms, especially for the hunted rodent species (Silvius and Fragoso, 2003) and was the most 
abundant species in this class. Kokerite is common across the Rupununi, even though it was not 
observed at every study site, notably absent in the sample collected from Village 23. Kokerite 
fruits are heavily utilized in the Rupununi and coastal Guyana. In fact, to highlight the favorability 
of the fruits in the Rupununi, cut stumps of this palm were often observed in the landscape, 
reflecting the desire of the cutter to gain access to the ripe fruit. This practice is however, 
discouraged by village leaders with conservation messages pointing towards the importance of the 
Kokerite leaves for thatching roofs. This multiple-use class also included a number of tree species. 
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Table 2.5: Species of plants in the commercial timber and traditional uses class, highlighting their 
traditional uses and the region of Guyana that these uses have been attributed.  
Family/Species Common 
name 
Abundance  Traditional Uses Region 
Bignoniaceae:     
Tabebuia serratifolia Ironwood 586 used in house construction, to make 8-9 
foot posts; bark used to prevent scabies; 
young leaves used to preserve teeth 
All 
Tabebuia insignis White cedar 83 house construction Rupununi 
Leguminosae 
(Caesalpiniaceae): 
    
Eperua spp. Wallaba 629 used to make posts, shingles and bows; 
bark used medicinally to treat internal 
injuries 
Rupununi 
Leguminosae 
(Papilionoideae): 
    
Centrolobium paraense Paurine 301 used in house construction, to make 
posts; also paddles and good fuelwood 
Rupununi* 
Clathrotropis 
brachypetala 
Aromata - 
fine leaf 
5 bark scraped and applied to 
leishmaniasis parasite wounds to kill the 
parasite. Drinking the sap from the bark 
could be used to treat the bite from the 
water coral snake: Helicops angulata1 
NWD 
Clathrotropis 
macrocarpa 
Aromata 493 bark scraped and applied to 
leishmaniasis parasite wounds to kill the 
parasite. Drinking the sap from the bark 
could be used to treat the bite from the 
water coral snake: Helicops angulata1 
NWD 
Diplotropis purpurea Tatabu 101 used to make canoes NWD 
Pterocarpus rohrii Hill 
Corkwood 
20 used for making canoes, paddles, carved 
toys 
All 
Pterocarpus spp. Corkwood 232 used for making canoes, paddles, carved 
toys 
All 
Meliaceae:     
Cedrela spp.? Water 
Cedar? 
57 boards used in house construction, to 
make shingles, dugout canoes 
Rupununi 
Sapindaceae:     
Talisia spp. Sand Mora 66 fish poison1 NWD 
Grand Total  2573   
1 van Andel (2000), NWD data based on van Andel (2000), other data from Rupununi traditional knowledge and Forte (1996). 
* Village 19 has a designed an area to conserve this species.
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Table 2.6: Multiple–use tree species in the class wildlife food and traditional uses. 
Family/Species Common 
name  
Abundance  Eaten by Traditional uses Region 
Anacardiaceae:      
Anacardium 
giganteum 
Hubudi/wi
ld cashew 
147 tapir, tortoise, deer, powis, 
peccaries, monkeys (capuchin, 
spider) 
fruits eaten and used for making beverages NWD 
Mangifera indica Mango 2 domesticated animals, wildlife  fruits eaten All  
Spondias mombin Plum 104 tapir, agouti, labba, tortoies, 
monkeys (squirrel, howler, 
spider, capuchin), toucans** 
fruits eaten, various beverages, seeds used as fish bait, 
soot of roasted seeds used to treat wounds from vampire 
bats, used to treat hemorrhaging post child birth, bark and 
leaves used to treat sores and tea from bark used for colds 
All 
Tapirira guianensis Duka 1 hanaqua, marudi, some 
monkeys, foxes** 
fuelwood Rupununi 
Annonaceae:      
Duguetia spp. Yari Yari 46 genus zoochorous (monkeys, 
scatter-hoarders) 
bows, fishing rods NWD 
Unonopsis 
glaucopetala 
Rough 
Skin Arara 
65 endozoochorous (spider 
monkeys, cotingas)1 
treating the bite of labaria (Bothrops asper) or fer-de-
lance 
NWD 
Xylopia spp. Black 
Maho 
55 genus endozoochorous 
(monkeys, birds)1 
astringent tea for diarrhea;  firewood;  bark used for 
warashis straps; decoction also drunk by pregnant women 
as an aid to eventual easy delivery 
NWD; 
Rupununi 
Xylopia spp. Kuyama*  257 genus endozoochorous 
(monkeys, birds)1 
astringent tea for diarrhea;  firewood NWD; 
Rupununi 
Apocynaceae:      
Geissospermum 
spp. 
Sinkona 248 tortoises; genus 
endozoochorous(monkeys, 
birds)1 
bark boiled for treating malaria - source of quinine All  
Burseraceae:      
Protium spp. Haiawa 397 genus endozoochorous 
(toucans, cotingas, guans, spider 
monkeys, howler monkeys, 
tortoises, kinkajous, opossums) 
gum used to cure diarrhea; mixed with cow fat and used to 
caulk boats  in the absence of karamani gum (maitakin), 
gum used to anchor grater’s teeth firmly on board; burned 
as incense under the hammock of a sick person; fruits 
eaten 
Rupununi 
Boraginaceae:      
Cordia tetrandra Grandma 
Cherry 
3 birds and monkeys** fruits used as glue for paper and making kites NWD 
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Family/Species Common 
name 
Abundance Eaten by Traditional uses Region 
Chrysobalanaceae
: 
     
Chrysobalanus 
icaco 
Fatpoke 31 birds**  fruits eaten All  
Ebenaceae:      
Diospyros ierensis Barabara 14 tapir and birds fuelwood Rupununi 
Guttiferae:      
Clusia grandiflora Kufa 3 genus endozoochorous birds 
sometimes monkeys1 
used in the furniture industry All 
Tovomita 
schomburgkii 
Awasokule 57 genus endozoochorous1 house construction, fuelwood NWD 
Vismia 
macrophylla 
Bloodwoo
d 
5 genus endozoochorous (birds)1 latex used to treat skin fungi (ringworm, lota, ground itch) All 
Lecythidaceae:      
Bertholletia 
excelsa 
Brazil Nut 2 agouti, labba, peccaries, and 
monkeys  
fruits eaten  Rupununi 
Leguminosae  
(Caesalpiniaceae):  
     
Hymenaea 
oblongifolia 
Locust -
fine leaf 
(Shimiri) 
34 agouti, labba, peccaries, 
monkeys (saki and capuchin)  
powdery pulp eaten and beverage made from bark All  
Leguminosae 
(Mimosaceae): 
     
Inga spp. Fern Tree 2 agouti, labba, tapir, deer, powis, 
marudi, peccaries, monkeys 
(capuchin, spider), parrots 
fruits of various Ingas eaten; fuelwood All  
Inga spp. Inga spp. 391 agouti, labba, tapir, deer, powis, 
marudi, peccaries, monkeys 
(capuchin, spider), parrots 
fruits of various Ingas eaten; fuelwood All 
Inga spp. Wild 
Tamarin 
11 agouti, labba,tapir, deer, powis, 
marudi, peccaries, capuchin, 
spider,  parrots 
fruits of various Ingas eaten; fuelwood All 
Leguminosae ( 
Papilionoideae): 
     
Swartzia 
arborescens 
Bowwood 15 genus zoochorous (bats, 
rodents, monkeys)1 
used for making bows Rupununi 
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Family/Species Common 
name 
Abundance Eaten by Traditional uses Region 
Malpighiaceae:      
Byrsonima aerugo Moreye 3 tapir, deer, marudi, powis, 
chachalaca, labba, agouti, 
peccaries, tortoises, parrots, 
hanaqua, toucan, parrots, 
macaw, savanna fox, monkeys 
fruits eaten, fuelwood All 
Byrsonima spp. Hicha 139 tapir, deer, marudi, powis, 
chachalaca, peccaries, labba, 
agouti, tortoises, hanaqua, 
toucan, parrots, macaw, savanna 
fox, monkeys 
fruits eaten, fuelwood All 
Moraceae:      
Cecropia spp.  Congo 
pump 
224 marudi, hanaqua, capuchin 
monkeys 
leaves of some species used for making teas for treating 
kidney problems, back pain and high blood pressure. 
All  
Moraceae 
(Cecropiaceae): 
     
Pourouma 
guianensis 
Baruma 18 birds and monkeys** fuelwood, leaves used like sand paper All  
Myrtaceae:      
Myrciaria 
vismeifolia 
Taparowba
lli 
13 most animals and birds fruits used to make beverage Rupununi 
Palmae:      
Astrocaryum 
aculeatum 
Akayuru 54 tapir,  deer, peccaries, labba, 
agouti, squirrel,  rats, 
fleshy endocarp eaten  All  
Astrocaryum 
vulgare 
Awara 1 agouti, labba, peccaries, tapir fleshy endocarp eaten All  
Attalea maripa Kokerite 1172 tapir, agouti, labba, tortoise, 
deer, black curassow, marudi, 
macaws, parrots 
fruits eaten, used to make beverages, and leaves used for 
thatching roofs. 
All  
Euterpe oleracea Manicole 979 deer, peccaries, marudi, 
hanaqua, agouti, labba, tapir, 
macaws, parrots 
fruits used to make beverages in the Rupununi, heart of 
palm eaten as a vegetable (cooked or raw)  
All  
Manicaria 
saccifera 
Trulli** 29 monkeys, scatter-hoarding 
rodents, such as agoutis and 
acouchis 
leaves used for thatching in NWD. NWD 
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Family/Species Common 
name 
Abundance Eaten by Traditional uses Region 
Mauritia flexuosa Ite 18 tapir, deer, peccaries, powis, 
labba, agouti, acouchis, 
tortoises, macaws, parrots, 
monkeys (howler and spider), 
leaves used for thatching in Rupununi, fruits eaten all over 
Guyana. 
Thatch 
Rupununi; 
Aaten all  
Oenocarpus 
bacaba 
Lu 515 deer, marudi, powis, hanaqua, 
agouti, labba, tapir, peccaries, 
macaws, parrots, 
fruits used to make beverage All  
Oenocarpus bataua Turu 391 deer, peccaries, marudi and 
powis, hanaqua, agouti, labba, 
tapir, macaws, parrots, 
fruits used to make beverage All  
Sapotaceae:  524    
Pouteria caimento Asepokoba
lli 
37 agouti, deer, labba, spider and 
howler monkeys, capuchins, 
fruits eaten  All  
Pradosia 
schomburgkiana 
Kakarua 487 tapir, deer, peccaries, monkeys fruits eaten, bark boiled with other species to treat 
tuberculosis 
All 
Sterculiaceae:      
Sterculia pruriens Maho 382 agouti, labba, rats  lashing material for warashis, quakes, and other traditional 
utensils in NWD 
All  
Sterculia spp. Birdwood 2 genus synzoochronous scatter-
hoarding rodents, capuchin and 
saki monkeys 
wattles used in house construction Rupununi 
Violaceae:      
Paypayrola 
longifolia 
Adebero 40 labba, agouti, peccaries, 
monkeys, birds 
fuelwood Rupununi 
Total  7427    
*common names suggested that three different Kuyama groups were sampled – White, Brown and Red 
**not eaten by hunted wildlife species in the Rupununi; data for medicinal and others uses in NWD from van Andel (2000); Rupununi data from traditional 
knowledge and Forte (1996). 
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Geissospermum spp. or Sinkona is probably the most significant. A medicinal plant, the bark of 
this tree is used to treat malaria and the fruits are eaten by tortoises. van Andel (2000) suggests 
that  Sinkona is utilized in coastal Guyana and made reference to Cinchona spp. This is an area 
of debate in this analysis as tree spotters at Iwokrama suggested that this reference may be to 
trees in the genus Geissospermum and not Cinchona. Additionally, Myrciaria vismeifolia is used 
to make a beverage, while the fruits of Byrsonima species are eaten throughout the Rupununi and 
Guyana, and TK suggests that hunted wildlife also eat these fruits. Myrciaria vismeifolia fruits 
are eaten by most animals and birds, including hunted wildlife species. Pouteria caimento and 
Pradosia schomburgkiana are eaten by hunted wildlife, especially the hunted rodents and deer 
species. Anacardium giganteum, Mangifera indica, and Spondias mombin are popular with 
Amerindians and throughout Guyana. M. indica is a cultivated species and was observed on old 
farms, but is a delicacy throughout Guyana. S. mombin fruits are sold at local markets and used 
throughout Guyana as well for making a beverage. Protium spp. fruits are eaten by a number of 
the hunted wildlife species and people. The gum of the Protium trees, which has a camphor-like 
odor, is used in number of ways by Rupununi Amerindians, including treating diarrhea and 
burned as incense under the hammock of a sick person. This multiple-use class, despite not being 
the most abundant, is important to the Amerindian culture, and requires additional examination 
to better understand how these species will be affected by logging and other commercial 
exploitation within their habitats.  
 
2.5.Size-Class Distribution Analysis and Forest Structure  
Tree stem diameters ranged from 25 cm to 215 cm. Mean stem diameter was 41 cm with a standard 
deviation of 15.29 cm. The most common stem size was 30 cm (2119 trees). A total of 137 trees 
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had dbh measurements of 100 cm and one tree was above 200 cm. There were 49 individuals 
between 120 cm and 180 cm dbh. The general pattern of declining number of stems as stem size 
increased was observed (Table 2.7). The nine size-classes: 25-34 cm; 35-44 cm; 45-54 cm; 55 – 
64 cm; 65 -74 cm; 75 – 84 cm; 85- 94 cm, 95 – 104 cm and >105 cm accounted for 41.53%, 27.02 
%, 14.31%, 8.09%, 4.95 %, 2.46%, 0.97 %, 0.30 % and 0.37 %  of trees respectively (Table 2.7). 
Trees with dbh > 105 cm had fractionally more individuals than trees in the size-class 95cm – 104 
cm.   
 
Despite the sample only including trees > 25 cm dbh, the resulting stem diameter size-plots at the 
study area level had a strong likeness to the reverse-J curve normally associated with old growth, 
uneven-aged, self-perpetuating forests (Hitimana et al, 2004; Condit et al, 1998; Oliver and 
Larson, 1990; Figure 2.5).  Both forested and forest-edge study sites had size-class distribution 
curves closely resembling the reverse-J. Similarly, the plots for individual study sites, and the eight 
resource-use classes (Figure 2.6) had strong likeness to the shape of the reverse-J.  These results, 
despite not including the smaller size-classes of trees, seem to be in keeping with previous 
observations by other scholars who suggested that the Rupununi forests are old-growth, self-
perpetuating forests (Watkins et al., 2011; Clarke et al., 2001). 
 
2.6. Size-Class Structure for Species in the class Wildlife Food, Commercial Timber and 
Traditional Uses 
All of the species in the multiple-use class wildlife food, commercial timber and traditional uses 
were not observed at each of the fourteen study sites. Some species too, were rare in some size-
classes, and therefore size-class plots were not compared between study sites. For plants in this 
class with abundance > 20 individuals, aggregated to the forested versus forest-edge study sites  
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Table 2.7:  The distribution of palms and trees in the nine major tree size-classes by study site. 
Study Site  Size Class (cm)  
 Palms 25-34 35-44 45-54 55-64 65-74 
75-
84 
85-
94 
95-
104 >105 Total 
Village 22 336 1998 1060 470 258 160 69 27 7 4 4389 
Village 5 134 335 306 175 134 68 55 17 8 7 1239 
Village 20 99 1026 449 241 119 60 29 10 4 2 2039 
Village 23 212 1138 1100 493 267 184 72 31 13 11 3521 
Village 14 92 697 448 290 111 89 48 11 3 4 1793 
Control 4 132 926 839 545 426 247 160 73 23 21 3392 
Village 12 115 684 453 213 126 71 32 14 1 1 1710 
Village 13 423 448 211 107 83 29 17 4 1 9 1332 
Village 17 1 167 91 69 27 17 8 0 1 0 381 
Village 1 1000 817 588 395 259 150 71 24 10 12 3326 
 Village 21 219 1434 750 302 150 91 38 32 11 22 3049 
Village 18 29 1155 618 363 189 125 61 12 3 11 2566 
Control 4 100 641 638 314 122 119 55 23 4 4 2020 
Village 19 591 982 549 313 154 74 21 12 2 2 2700 
Total 3483 12448 8100 4290 2425 1484 736 290 91 110 33457 
Percentage of 
Sample 10.41 41.53 27.02 14.31 8.09 4.95 2.46 0.97 0.30 0.37  
 
levels, all had size-class curves with strong likeness to the reverse-J. However, differences were 
observed for eight species, with Abarema jupunba, Bagassa guianensis, Eschweilera sagotiana, 
Manilkara bidentata, Ormosia spp., Pouteria guianensis, Protium decandrum and Pouteria 
cuspidate showing curves with closer likeness to the reverse-J at forest-edge sites that forested 
sites. B. guianensis, E. sagotiana, Ormosia spp. P. decandrum and P.cuspidate all had fewer 
individuals at the forest-edges sites compared to the forested sites. A. jupunba and M.bidentata 
had a higher number of individuals at the forested sites when compared to the forest-edge sites. 
The remaining species in the sample all had size-class curves looking similar to the reverse-J at 
forested study sites. A select group of eight (8) species: Catostemma commune (Baromalli); 
Hymenaea courbaril (Locust), Mora excelsa (Mora), Humiria balsamifera (Tauroniro), Inga alba 
(Maporokon), Lecythis zabucajo (Monkey pot), Manilkara bidentata (Bulletwood) and Carapa 
guianensis; C. procera (Crabwood), all logged and the latter two meeting the criteria of  
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Figure 2.5: Stem diameter size-class distribution for the sample of trees observed in the 
Rupununi. 
 
 
“special” in the Rupununi, had curves with strong likeness to the reverse-J curve (Figure 2.7) when 
aggregated at the study area level. It was noted however, that among this group, Mora excelsa and 
Hymenaea courbaril size-class curves deviated from the expected reverse-J.  
 
2.7.DISCUSSION 
2.7.1. Multiple-use classes  
This analysis showed that multiple-use trees and palms dominate the forests of the Rupununi 
(Tables 2.2, 2.3; Figure 2.4). The four dimensions of multiple-use plants identified: wildlife food, 
commercial timber and traditional uses; commercial timber and wildlife food; commercial timber 
and traditional uses and wildlife food and traditional uses, each portray a different 
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Figure 2.6a: Stem diameter size-class distribution for the single resource-use classes. 
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Figure 2.6b: Stem diameter size-class distribution for the multiple-use resource-use classes. 
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Figure 2.7a: Size class distribution for select multiple-use species. 
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Figure 2.7b: Size class distribution for select multiple-use species 
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facet of tropical forest utilization, the ecosystem services they provide, and hence represent 
potential areas for resource use conflicts. Because the demands on the groups of plants within each 
multiple-use classes is different, the impacts of LUCC is not straightforward. These results show 
that it is highly misleading to conclude, as tropical forest areas decline, that only one set of 
ecosystem services, for example carbon sequestration is being adversely affected. Removal of trees 
in the class wildlife food, commercial timber and traditional uses for instance, will have 
implications ecosystem services such as traditional medicines provided to indigenous and other 
forest dwelling peoples by such plants. As this class accounted for more than 45 % of plants, 
logging of such trees, and their removal through other consumptive resource extraction activities 
such as gold mining will also have implications for wildlife populations. Wildlife populations may 
be impacted in at least two ways: either through the direct removal of their food sources, or by 
displacement of their populations due to disturbance. In either case, pressure on hunted wildlife 
species will affect the diet of Rupununi Amerindians as they rely heavily on these protein sources 
(Forte, 1996; Luzar et al., 2011; Read et al., 2010). As trees in this class are connected to each of 
the main resource use classes identified in the Rupununi – commercial logging, provision of 
wildlife food and traditional uses – their exploitation requires careful attention if the services they 
provide are to be sustained. 
 
Plants in the multiple-use class commercial timber and wildlife food (Figures 2.3, 2.4; Table 2.4) 
represent an area that is critical to the ecological well-being of the forests of the Rupununi, as well 
as its growing ecotourism industry. The plants in this class provide food primarily for frugivorous 
primates and birds, primary attractions for eco-tourists to the Rupununi. Primates and birds are 
critical for maintaining forest equilibrium too (Roosmalen, 1985; Forget and Hammond, 2005) 
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pollinating flowers and dispersing fruits and seeds of many plant species, including multiple-use 
species. Extractive activities, such as logging or gold mining could impact the plants in this class 
and as a consequence, affect the ability of forests to regenerate.  
 
Plants in the multiple-use class commercial timber and traditional uses (Table 2.5) are critical in 
that commercial logging (and other extractive activities such as gold mining) could have direct 
impacts on the availability of resources for traditional activities. The trees in this class are different 
from those currently identified as important to the diet of hunted wildlife, in that in this case a 
reduction in the density of these trees will directly impact the ability of Amerindians to gather 
NTFPs. A number of tree species that are used in house construction by Rupununi Amerindians, 
for example, may also be of interest to commercial loggers (Table 2.5). Injudicious removal of 
such trees therefore, will impact the ability of Amerindians to build their houses. The medicinal 
value of trees in this class such as Clathrotropis brachypetala and Clathrotropis macrocarpa has 
been cited to include treating the leishmaniasis parasite (van Andel, 2000). This represents an area 
for further attention especially as during data collection, a number of persons were observed to be 
experiencing difficulties treating the leishmaniasis parasite. Such persons were often forced to 
travel to Brazil for expensive treatment, while the impression was gained that the number of 
persons being infected by the leishmaniasis parasite is increasing in the Rupununi as more persons 
move to the gold mines and as the ecotourism industry expands. The two plant species identified 
by van Andel (2000) and others identified by Forte (1996), as having medicinal value in this class 
need further exploration to assess their potential for treating diseases. Assessing the value of trees 
for medicinal purposes in the Rupununi will add a new layer of importance to these forests locally, 
as well as in other Neotropical settings where these species are distributed.  
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In the Guyana setting, species may be potentially logged requires attention. Currently, for instance, 
the Guyana Forestry Commission (GFC, undated) and other national-level forest managers are 
making efforts to reduce the dependence on the 35 or so species (of almost 1000 species in Guyana) 
that are currently being logged (Thomas et al., 2003). More than 35 species of trees were identified 
as of interest to commercial logging in this study. Polak (1992) also identified a larger group of 
trees that may be commercially logged, but the fact that national-level managers are seeking to 
expand the number of species that are commercially logged, is of interest. On the one hand, 
increasing the number of logged species can reduce pressure on those few currently being logged. 
On the other hand, increasing the number of species on the logging list may mean that a larger 
group of plants will be impacted by commercial extraction and a potentially higher volume of 
timber extracted from these forests. Further, increasing the number of species logged without 
giving attention to demographic characteristics of species and their multiplicity of uses (Peters, 
1996) has the potential to create the perception that logging efforts have expanded. It can also raise 
questions as to whether traditionally targeted species have been over-exploited. In this analysis, it 
was found that most species identified in the multiple-use class commercial timber and wildlife 
food are already listed as major timber species (Tables 2.3, 2.4 and 2.5; GFC, 2004; Polak, 1992) 
but, as Thomas et al. (2003) noted, not all are currently being logged. However, in cases where 
some of these species are already being logged, for example in Iwokrama and Village 19, the 
opportunity exists for research to understand how such species respond to logging. Expanding the 
list of commercial logging species will have ecological and economic benefits, but the decisions 
as to which species to include on an expanded list must be guided by the results of studies like this 
current analysis. This is particularly important in the current Guyana situation where political 
pressure for tapping into international initiatives such as Reduced Emissions from Deforestation 
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and Forest Degradation (REDD+) are changing the dynamics of resource extraction and the 
balance between extractive and non-extractive activities.  
 
The multiple-use class wildlife food and traditional uses included groups of plants that are 
important food sources for hunted wildlife species in the Rupununi (Table 2.6). It appears as 
though this class of plants speaks to the relationship that has long been noted to exist between 
Amerindians and wildlife and the role swidden agriculture plays in maintaining this relationship 
(e.g., Denevan, 2006; Posey, 1982). Even though this class was dominated by palm species, none 
of which are logged, their sustainability may be threatened by increased an increased scale of 
basketry making to support the tourism market. Palm species are also cut for their fruits as they 
grow taller and become inaccessible. However, despite being protected from direct logging 
pressure, should logging begin to place pressure on other wildlife food sources, wildlife may place 
a stronger dependence on the fruits and other plant parts of plants in this class. However, gold 
mining may have greater impacts on the species in this class through gold miners removing plants 
in their quest for gold, using leaves to protect their work areas, or removing their fruits in times of 
food shortages. There were a few rare species in this class too, including the high value NTFP 
Brazilian nut (Bertholletia excelsa). Future work should aim to evaluate the distribution of this and 
other high value species as has been done elsewhere (e.g., Godoy et al., 1993) towards including 
them as a part of the Rupununi economy and ensuring there are protected.  
 
2.7.2. The status of “special” plants   
This chapter suggested that the forests of the Rupununi harbor more than the three “special” plant 
species (CEA Limited, 2004a; 2004b) that were prioritized for exceptional management 
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consideration during logging in the forests of Iwokrama. Close to 81% of plants, or 111 of the 165 
species observed, were classified as multiple-use. Using the definition of CEA Limited for 
“special” plants, it appears reasonable to classify all plants in the multiple use classes commercial 
timber, wildlife food and traditional uses; wildlife food and traditional uses; and commercial 
timber and traditional uses as “special”. All of these trees provide NTFPs to the Amerindian 
population of the Rupununi, and to a larger extent Guyana. In this sense, there were approximately 
91 “special” species or > 75% of plants in the sample could be so defined. By definition therefore, 
and given the emphasis on these species for protection in the  IIC’s EIA (CEA Limited, 2004a), 
attention should be given to a larger number of species, both during logging and post logging to 
avoid overexploitation as observed in other areas of Amazonia (Martini et al., 1994; Uhl et al., 
1991). The list of “special” plants was derived primarily through TK of Amerindians and from the 
literature (e.g. Forte, 1996; van Andel, 2000) that relied upon TK (Parrotta and Trosper, 2012). 
Additional examination of these forests is required to determine if additional “special” species 
exists.  
 
In a number of instances it was found that a species may have been used for one purpose in only 
one region of Guyana (Tables 2.5 and 2.6). Similarly, other species such as Attalea speciosa 
(Orbiguya martiana) (Peters, 1996) or babassu palm in Amazonia and elsewhere is utilized for its 
oil, but in the Rupununi it was not identified as an NTFP, although it was noted as eaten by hunted 
rodent species. To facilitate sustainable forest management in the Neotropics, there is a need for 
identifying the multiplicity of uses associated with plants throughout their ranges, be it in Guyana, 
Brazil, wider Amazonia or the wider Neotropics. Some species, including Manilkara bidentata 
and Carapa guianensis have very wide geographical ranges, and data exists on their utility in the 
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literature (e.g., Chengxia, 1991; Hall, 2003; Klimas et al., 2007). In the case of C. guianensis too, 
the recognition of its value to more than one communities within Amazonia has given it somewhat 
of a ‘trophy’ status. This status suggests biased treatment in management. Species that are not 
similarly recognised are not given the same level of attention either in the literature or from 
management. Despite the growing body of work on the importance of NTFPs, there remains a need 
for enhancing this understanding on which species are important for the livelihoods of forest 
dwelling peoples, the specific groups of people in question, and the geographical areas within 
which these species are important (Byron and Arnold, 1997). Perhaps it is crucial too, that 
management priority be driven to a wider range of resource uses associated with a species rather 
than through the lens of “special” as appears dominant at the moment. Ultimately, all species, 
“special” or otherwise, share a similar space and may be impacted in similar ways by LUCC. 
 
2.7.3. Forest Structure  
The initial probe into forest structure of the Rupununi support the idea that high levels of 
disturbance have not occurred in these forests in the past (Clarke et al., 2001). The size-class 
distribution plots at the levels of the study area, resource use and multiple-use classes, forested 
sites versus forest-edge sites and for a number of the key multiple-use species with abundance >20 
individuals at forested and forest-edge sites all had strong likeness to the reverse-J curve. This is 
typical of uneven-aged, old-growth self-perpetuating forests. However, as noted earlier, these 
findings must be viewed with caution, as most studies on forest population structure utilize samples 
that include a wider cross section of trees (see for example Sano, 1997; Klimas et al., 2007; 
Hitimana et al., 2004; Svensson and Jeglum, 2001; Condit et al., 1998; Mwavu and Witkowski, 
2009) whereas this study utilized trees >25cm dbh. Future research must include a wider cross-
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section of trees sizes; with the current study serving to inform on a general level the overall well-
being of the Rupununi forests, and most importantly the species of trees that should gain more in-
depth demographic studies. The findings on multiple-use species should certainly raise awareness 
of such plants and the need for better understanding their ecological behavior.   
 
2.7.4. Family and species composition 
The forty-one plant families in the sample were all observed by previous studies within the study 
area (e.g., Jansen-Jacobs and ter Steege, 2000; Iwokrama, 2008). Similarly, all 165 groups of plants 
sampled were recorded by previous studies (Clarke et al., 2001; Iwokrama, 2008). There were 
however, potentially more than 165 groups of plants in the sample. It is acknowledged that trees 
in the forests of the Rupununi, like other Neotropical settings, are difficult to identify, and even 
though 3% did not represent a large part of the sample, it still referenced species that tree spotters 
had not worked with in the past (Appendix 1.2). It is possible too, that some species were 
misidentified, especially in the process of transferring common names to botanical names. The 
literature on a number of species (e.g., Polak, 1992; Roosmalen, 1985; van Andel, 2000) had one 
common name referring to multiple botanical names in many instances. This posed a challenge 
and identification in such cases was guided by previous studies and the species they identified. 
This too, is perhaps an area where scientists may work with local-level managers, such as the tree 
spotters involved in this study, to clarify taxonomic uncertainties. However, for the major timber 
and well-known species such as Manilkara bidentata, Mora excelsa, Carapa guianensis and Inga 
alba, tree spotters and the first author have worked with these extensively. The tree spotters too, 
have worked in the logging industry and their knowledge of trees have been relied upon in other 
settings. This study included all but two species - Zygia racemosa (Marble wood) and Cedrelinga 
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catenaeformis (Brazilian cedar) –currently being logged by IIC (Appendix 1.1). It is possible that 
some of the groups not identified during this current analysis included these species. Tree 
identification will remain an area of difficulty in tropical forests, but the large sample size coupled 
with the skills of the tree spotters have established that multiple-use species are the foundation of 
the Rupununi forested ecosystem, and by extension the Neotropics.  
 
2.8. CONCLUSIONS AND RECOMMENDATIONS 
The literature on multiple-use species is constantly evolving, but the interaction between wildlife 
food sources, commercial timber and traditional uses, have not been extensively reported in the 
literature. The conflicts between wildlife food sources and commercial logging, for example, have 
only been reported in a few instances (Mwavu and Witkowski, 2009; Plumptre, 1995). Mwavu 
and Witkowski (2009) identified fifteen such multiple-use species in Budongo Forest Reserve, 
Uganda, while this study suggested that more than approximately 61 such species are in this 
potential resource-use conflict area (Table 2.3) and should therefore gain the attention of more 
detailed ecological studies as called for in the Iwokrama EIA (CEA Limited, 2004a). Besides the 
species of wildlife that are hunted in the Rupununi, the needs of frugivorous primates should also 
be included in future analysis. Further, Forget and Hammond (2005) pointed out that even 
carnivorous species such as coati living in the forests of the Guiana Shield, may eat the fruits and 
parts of trees in their habitat. Therefore, as suggested by Peters (1996) and Forget and Hammond 
(2005), understanding which plant species provide food for animals, their demographics and how 
they respond to disturbance (such as commercial logging)  is critical, both in the context of the 
study area and the wider Neotropics. This is especially critical for species that are currently being 
harvested by, for example, Iwokrama (Appendix 1.1) and Village 19. Current logging within the 
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Rupununi subscribes to reduced-impact logging principles, as prescribed through the Forestry 
Code of Practice (GFC, 2002) for logging, but the Code itself appears to be in need of revision if 
multiple-use species are to be sustainably managed. For example, the Code suggests that in logging 
stumps should be no less than 10m apart, logging is not allowed within 30 m of a river, and felling 
is prohibited on slopes greater than 40 percent. The Code is silent on the number of a trees of a 
particular species that may be removed over any given space, but presumably loggers take this into 
account during operations. Further, it appears a work-in-progress as to the maximum volume of 
timber that could be removed per hectare (GFC, 2002). With the high number of multiple-use 
species in the forests of the Rupununi and as an extension Guyana and the Neotropics, and their 
value to the various groups of forest users, it appears necessary in the case of Guyana for the Code 
of Practice to be revised to include guidelines on the number of stems per particular species, given 
its multiplicity of uses, that may be removed in any given spatial extent. Further, even though 
logging in the Rupununi and in many other tropical areas are moving towards reduced impact 
logging regimes, scholars (e.g., Putz et al., 2008; Read et al., 2003) have suggested that gaps 
remain in our understanding of the impacts of reduced impact logging on tropical forests.  
 
The identification of multiple-use species is critical in the overall scheme of tropical forest 
management. Much recent attention on tropical forests focus on continued deforestation (FAO, 
2011) and the extent, in terms of area of land affected, and the implications forest loss has on the 
buildup of carbon dioxide in the atmosphere (Baccini et al., 2012; Melillo et al., 1996; Zarin, 
2012). As critical as these issues are, and gaining a better understanding of how climatic variability 
will impact tropical forest diversity (Durning, 1993; Thomas et al., 2004) is indeed crucial, 
attention also needs to be paid to the impacts LUCC will have on the multiple roles forests and the 
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plants within them play for humans and wildlife. It is timely that States such as Guyana, in 
collaboration with others, are attempting to protect areas of tropical forest through protected areas 
and other such initiatives. But such efforts are often competing with ongoing deforestation through 
logging and gold mining and other forms of land conversion. Scholars and forest managers alike 
need to better understand the conditions that lead to overexploitation of forests, and appreciate that 
when an area of tropical forest is removed, much more is lost than an area of forest, but rather that 
there is a reduction in the quantity of resources that are used for various functions, including 
providing wildlife food and traditional (NTFP) uses.  
 
Geist et al., (2006) noted that land characteristics or features of the biophysical environment such 
as soil quality, low lying zones, flat and gently sloping areas, high density of marketable woods, 
and closeness to water were among the major causative factors of deforestation. Accessibility, 
primarily through water ways and roads in various areas of Amazonia has increased the likelihood 
of logging (e.g., Laurance et al., 2009; Nepstad et al., 2001). Therefore areas that are unfavorable 
for logging now in the Rupununi, maybe because one of these factors is missing, could be changed 
in a very short time frame. The addition of a road to the previously inaccessible Rupununi forest-
savannah ecosystem, for example, could bring the areas that meet the conditions for deforestation 
into focus, as observed in other areas of Amazonia (Fearnside, 2005; Laurance et al., 2009). This 
would mean increased chances of impacts from LUCC on multiple-use species.   
 
The conceptual framework for the management of multiple-use species in the tropics also appears 
to be an area that needs addressing. Managing logging and NTFP extraction tends to take separate 
paths (Guariguata et al., 2008). Perhaps, given that multiple-use species tend to satisfy the two 
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criteria of a common property resource - subtractability and excludability (Ostrom, 1999) they 
should be so classified. Similar to the earlier observation that there is a fragmented approach to 
studying multiple-use species, the treatment of multiple-use species in the literature also appears 
disjointed. On the one hand ecologists, for example Mwavu and Witkowski (2009) identify 
multiple-use species, while resource economists and political scientists (e.g., Feeny et al., 1990; 
Ostrom, 1999) conceptualize common property resources and appropriate management 
challenges.  Maybe the  connection has been weak because most case studies dealing with multiple-
use species are concerned with the distribution of species across space that has little land tenure 
diversity e.g. national parks (Mwavu and Witkowski, 2009), or logging areas (Menton et al., 2009), 
so the impact of land ownership and access to resources (or excludability) are not always relevant. 
In this study, the Rupununi (Figure 2.1) presents a complex landscape that may not be dissimilar 
to many other Neotropical settings where the geographical range of multiple-use species will 
straddle the boundaries of various land tenure arrangements. Management style across such diverse 
land ownership settings could lead to over-exploitation or subtractability (Ostrom, 1999; Feeny et 
al., 1990) of multiple-use species and their eventual degradation (Uhl et al., 1991; Martini et al 
1994). To date, few studies, with the exception of Klimas et al. (2012), have conceptualized 
management frameworks for multiple-use species and this is critical, especially as the frameworks 
for the management of timber versus NTFPs tend to follow different pathways (Guariguata et al., 
2008), even though they are attempting to manage the same resource.  
 
This study showed that the list of “special” trees in the Rupununi needs to be expanded beyond 
Carapa guianensis, Manilkara bidentata, and Euterpe oleracea and other palms listed by CEA 
Limited (2004a; 2004b).  Rather than the list of three species, it is suggested that special plants 
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should include trees in the multiple-use classes - wildlife food, commercial timber, and traditional 
uses; commercial timber and traditional uses: and wildlife food and traditional uses. Further, 
attention should also be placed on trees in the class commercial timber and wildlife food as the 
overexploitation of such species could impact the ecological structure of the Rupununi forests. 
Emphasis should be placed on the species in the classes’ wildlife food, commercial timber, and 
traditional uses; and commercial timber and wildlife food as these are likely to have impacts on 
Rupununi wildlife populations and as a consequence the Amerindian diet. This is particularly so 
as LUCC continues in the region, and the scale of resource extraction can potentially increase. 
 
This study therefore contributed to our understanding of multiple-use species in Northern 
Amazonia. While Forte (1996) provided an initial view of plants in the Rupununi context and how 
they are used by indigenous peoples, this study allowed for the intersection of resources uses in 
individual species and what may be compromised due to LUCC to better appreciated. With the 
ongoing efforts to utilize TK (Parrotta and Trosper, 2012) in understanding human-environment 
interactions, future research should focus on continuing to consolidate TK with other scientific 
disciplines to guide our understanding of the role of plants play in their habitats.  As tropical forests 
continue to decline, and as the debate continues on the options for sustainable forest management, 
TK has a role to play in both identifying plants that may be impacted by LUCC, and developing 
measures to respond to such threats. This chapter has shown that the current view of multiple-use 
species in Guyana needs to be re-examined, as this is perhaps the case in many other Neotropical 
settings. Further, as an extension of Peters (1996) prescription for sustainable management of 
multiple-use species, attention should be given to the spatial distribution of multiple-use species 
across landscapes such as the Rupununi and assessing the implications for their sustainability. This 
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includes analyzing areas of higher aggregation of species, and assessing how LUCC and 
biophysical variables impact their distribution. Further, some species may be distributed across 
national borders which may lead to some being more vulnerable to human activities in one location 
compared to another. Identifying such species and the particular conditions that threaten their well-
being will improve our understanding in developing mechanisms to plan for their sustainability. 
Forest managers in the Rupununi, Guyana and wider Neotropical settings perhaps should consider: 
How do multiple-use species respond to logging, as examined in other tropical settings (Mwavu 
and Witkowski, 2009)? How are multiple-use species impacted by NTFP extraction (Klimas et al., 
2012a, Klimas et al., 2012b)? And, what are the life history characteristics and overall 
demographic characteristics (Klimas et al., 2007) of these species within these forests? Answering 
such questions will provide insights into how the services these species provide may be sustained, 
and lead to a better understanding of their management.  
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APPENDICES 
Appendix 1.1: List of species of trees that are harvested for commercial timber by Iwokrama 
Timber Incorporated and the Minimum DBH from which these trees are harvested. 
Common name  Scientific name Minimum 
DBH 
Aromata Clathrotropis spp 40 
Crabwood hill Carapa spp. 40 
Cedar red Cedrela odorata 40 
Crabwood swamp Carapa guianensis 40 
Cedar white Tabebuia insignis var.monophylla 40 
Dalli Virola surinamensis 40 
Determa Sextonia rubra 40 
Dalli hill Virola longata 40 
Darina Hymenolobium flavum 40 
Dalli swamp Virola spp. 40 
Kabukalli Goupia glabra 40 
Kakaralli black Eschweilera subglandulosa 40 
Kakaralli wina Lecythis corrugata 40 
Kakaralli Eschweilera spp. 40 
Korokororo Ormosia coutinhoi 40 
Kakaralli, smoothleaf Eschweilera spp. 40 
Kakaralli wirimiri Lecythis confertiflora 40 
Letterwood Brosimum guianensis 40 
Manni Symphonia globulifera 40 
Morabukea Mora gonggrijpii 40 
Maporokon Inga alba 40 
Mora Mora excelsa 40 
Monkey Pot Lecythis zabucajo 40 
Sand Mora  Talisia squarrosa 40 
Marble Wood Zygia racemosa 40 
Silverballi brown Licaria canella 40 
Silverballi kereti Ocotea spp. 40 
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Simarupa Quassia simarouba 40 
Silverballi others Ocotea spp. 40 
Suya Pouteria speciosa 40 
Silverballi, yellow Aniba hypoglauca 40 
Tauroniro Humiria balsamifera 40 
Ulu Trattinickia spp. 40 
Wamara Swartzia leiocalycina 40 
Washiba Tabebuia serratifolia 40 
Wallaba soft Eperua falcata 40 
Greenheart Chlorocardium rodiei 45 
Wamaradan Dicorynia guianensis 60 
Bulletwood Manilkara bidentata 60 
Brazilian cedar Cedrelinga catenaeformis 60 
Shibadan Aspidosperma album 60 
Tatabu Diplotropis purpurea 60 
Locust Hymenaea spp. 70 
Purpleheart Peltogyne spp. 70 
Purpleheart saka Peltogyne venosa 70 
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Appendix 1.2: List of plant families and abundance in the inventory. 
Family Number of Individuals Percentage of sample 
Leguminosae (Caesalpiniaceae) 4140 12.37 
Palmae 3483 10.41 
Chrysobalanaceae 3169 9.47 
Leguminosae (Papilionoideae) 3025 9.04 
Sapotaceae 2602 7.78 
Lecythidaceae 2371 7.09 
Bombacaceae 2192 6.55 
Leguminosae (Mimosaceae) 1180 3.53 
Apocynaceae 1172 3.50 
unidentified 1008 3.01 
Burseraceae 903 2.70 
Bignoniaceae 878 2.62 
Lauraceae 724 2.16 
Moraceae 617 1.84 
Goupiaceae 542 1.62 
Meliaceae 513 1.53 
Anacardiaceae 492 1.47 
Vochysiaceae 452 1.35 
Annonaceae  441 1.32 
Guttiferae  428 1.28 
Humiriaceae 399 1.19 
Sterculiaceae 384 1.15 
Combretaceae 360 1.08 
Myristicaceae 274 0.82 
Rubiaceae 263 0.79 
Simaroubaceae 212 0.63 
Tiliaceae 210 0.63 
Boraginaceae 201 0.60 
Verbenaceae 154 0.46 
Malpighiaceae 142 0.42 
Flacourtiaceae 116 0.35 
Caryocaraceae 84 0.25 
Sapindaceae 69 0.21 
Aquifoliaceae 48 0.14 
Euphorbiaceae 42 0.13 
Violaceae 40 0.12 
Linaceae 36 0.11 
Rutaceae 36 0.11 
Moraceae (Cecropiaceae) 18 0.05 
Myrtaceae 15 0.04 
Ebenaceae 14 0.04 
Polygonaceae 8 0.02 
Total 33457 100.00 
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CHAPTER 3: UTILIZING AMERINDIAN HUNTERS’ DESCRIPTIONS OF 
VEGETATION TO GUIDE THE PRODUCTION OF A VEGETATION COVER MAP 
ABSTRACT  
Describing vegetation types is critical for managing natural resources and assessing ecosystem 
risk. Vegetation maps are historically produced by experts, often ignoring local-level groups 
critical to resource management. Indigenous hunters, as resource managers, have strong 
connections to their landscapes and their descriptions of vegetation within their homelands can 
be useful in the map-making process. This chapter examined the usefulness of vegetation 
descriptions from Southern Guyana indigenous hunters in the map-making process and how their 
descriptions were influenced by biophysical environmental attributes. A Landsat TM and 
ASTER DEM merged imagery of the study area was classified using indigenous hunters’ 
descriptions of vegetation to train the classification process and assess accuracy. Based on the 
hunters’ descriptions of vegetation, an eleven-class vegetation map was produced covering the 
main vegetation types described by hunters. Whereas ‘expert’ maps rely on organized forest 
inventory data, indigenous hunters’ vegetation classifications were impacted by interactions with 
their biophysical environment with elevation and how determines how hunters move within their 
landscape for traditional activities the main factor. The final map produced shows that 
indigenous hunters may be critical partners in guiding the map-making process, and as an 
extension guide decision making in tropical forest management. The methods used for the 
production of the final map may be used by resource managers at all levels involved in critical 
decision-making processes with regards natural resource management and ensuring indigenous 
peoples are engaged in such processes.   
Keywords: Amerindians, Hunters, Rupununi, Process Cartography, Guyana, Vegetation map 
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3.1 INTRODUCTION  
Describing vegetation types associated with the distribution of natural resources is critical at a 
number of levels, including wider ecosystem management and the sustainable management of 
individual classes of natural resources. In the realm of ecological risk assessment, ‘vegetation 
type’ has particular significance and is accepted as synonymous to ‘ecosystem types’, ‘ecological 
communities’, ‘habitats’, and ‘biotopes’ (Keith et al., 2013). Therefore describing vegetation 
types is critical in ecosystem risk assessment studies (Keith et al., 2013) allowing for the 
definition of ecosystem characteristics, including native biota, abiotic characteristics, spatial 
distribution and characteristic processes and interactions, in gauging whether an ecosystem is 
threatened. Further, dissecting vegetation types to reveal forest types and other forms of flora is 
instrumental in understanding the potential geographical range of species (e.g. Pearson, 2007; 
Franklin, 2009). In the sustainable management of multiple-use tree species, for instance, Peters 
(1996) suggested that defining forest types and the associated abundance of a species with such 
forest types is vital. But interpreting what is meant by a forest types’ description can be 
problematic across scientific disciplines (de Granville, 1988; Prance, 1979), let alone between 
experts and local-level resource managers such as indigenous peoples. Interpreting the meaning 
of forest types is critical, especially in tropical settings where successful natural resource 
management, from wildlife to tree species, is accepted as the task of a wide group of resource 
managers, including scientists and indigenous peoples (Chapin et al., 2005; Stocks, 2005). This 
implies that the current dominant model of defining the vital parameters of management, such as 
forest types, through scientists or state-driven processes in a top-down approach (e.g., Fanshawe, 
1952; ter Steege, 2001) may exclude the critical component of local people in the management 
process. Efforts to include indigenous ideas in the map-making process, including defining 
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vegetation types will invariably enhance their role in sustainable resource management efforts. In 
an era where maps depicting forest types are derived from Geographic Information Systems 
(GIS) and remotely sensed data, such maps must be relevant to all users (Simms, 2010) 
particularly as they are increasingly used in resource management decision-making processes. 
GIS and remote sensing technologies provide opportunities for map users at all levels to be 
involved in the map-making process. This chapter examines the role of indigenous hunters in 
describing vegetation for creating a vegetation map of the Rupununi region, Southern Guyana.  
 
Recent efforts by the human ecology community to include local or indigenous knowledge in 
scientific research (e.g., Luzar et al., 2011) have also included the map-making process. In map-
making, like scientific research, the challenge has been defending the legitimacy of local or 
indigenous knowledge as a viable source of data. Local knowledge, by definition, is informed by 
culture as opposed to state expert or scientific knowledge which is informed by positivist science 
(Robbins, 2003). In response to the challenge over local knowledge’s legitimacy, scholars, 
including Agrawal (1993) and Robbins (2003) compared local and scientific knowledge and 
concluded that local knowledge has a legitimate place in scientific research. As a result, and 
especially in the map-making process, there are increasing efforts to include indigenous and 
nonindigenous conventions in the same maps (e.g., Pearce and Louis, 2008).  
 
Local knowledge has been incorporated into GIS research in three primary ways (Robbins, 
2003). First, through the wave of counter-mapping efforts of the 1990s (Peluso, 1995; Robbins, 
2003; Rundstrom, 2009), local knowledge and categories are used to challenge existing spatial 
management documents (Robbins, 2003). Peluso (1995) argued that official maps and 
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documents in Indonesian Borneo removed traditional rights to forests. As a consequence, the 
only means indigenous peoples had for asserting rights to such forests was through new maps 
utilizing local knowledge and emphasizing local land uses in the production process. Similar 
models portraying the landscape from the perspective of indigenous peoples have been adopted 
in post-Apartheid South Africa (Weiner et al., 1995), and Amazonia where resource users, 
including miners, have been included to manage environmental problems (Spiegel et al., 2012). 
Secondly, and the widest incorporation of local knowledge in map-making has been through the 
provision of supplemental information for integrated formal planning (Robbins, 2003). This 
approach draws on ideas of participatory GIS (McCall and Minang, 2005) popularized in the 
1980s and 1990s (Cinderby, 1999; Elwood, 2006; Harris et al., 1995; Herlihy, 2003; Koti, 2010). 
This approach allows local knowledge to boost scientific information to produce hybrid and 
broad views of resource management issues (Omotayo and Musa, 1999). Examples of this 
approach include Robbins (2003) utilizing herders’ knowledge to compile a vegetation map of 
Rajasthan, India, for comparison with an official forest map. Likewise, indigenous peoples 
themselves have utilized GIS and remote sensing technology to map their territories in order to 
pursue land ownership claims (Hellier et al. 1999; Pearce and Louis, 2008; Rees et al., 2003; 
Simms, 2010; Smith et al., 2003; Tobias, 2000) and plan for sustainable management of their 
lands (Cummings, 2006; Hellier et al., 1999). Further, Robbins (2003) and Turner and Hiernaux 
(2002) referred to examples in Latin America and Africa where indigenous peoples and their 
allies successfully completed ecological assessments and land cover classifications. 
 
The third approach to traditional knowledge incorporation into GIS was proposed by Robbins 
(2003), and suggests that GIS uses local knowledge as a hypothesis to be submitted for 
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falsification. In trying to reconcile local knowledge, cultural/expert knowledge and scientific 
knowledge as the same, this approach suggests that local knowledge is science by other means. 
Through this approach, indigenous knowledge is viewed as a form of science, but one that is 
different from positivist science. The approach claims that local science assert indigenous 
categorizations and understandings of physical processes which reflect more or less accurate 
apprehensions of real material systems (Robbins, 2003). GIS is utilized to determine what parts 
of local knowledge are correct and useful (Forsyth, 1996). By incorporating and evaluating local 
knowledge, analysts consider themselves closer to an accurate picture of the overall system and 
can lead to filling the void, largely of communication, between landscape interpretations that 
exists between local people and experts (Al-Kodmany, 2001). But, as Robbins (2003) noted, this 
approach also has limitations in that like other areas of scientific endeavor, it is invariably 
influenced by social, cultural, and political forces that guide the need for consensus and 
negotiation common in laboratories and scientific knowledge production. However, this 
approach has the potential to allow for reduced tensions between official views of landscapes and 
those of indigenous peoples, especially in settings where the potential for resource use conflict 
exists, such as in multiple-use forestry.  As such, this chapter addressed two overarching 
questions. First, can Amerindian hunters’ vegetation descriptions serve to inform a landscape-
scale tool for understanding the distribution of multiple-use species? Secondly, what biophysical 
environmental attributes influence vegetation classes as described by Amerindian hunters?  
 
Goals  
With the foregoing in mind, this chapter, based in Guyana, South America, had two main 
objectives. First, to complete a vegetation classification using Landsat TM and ASTER DEM 
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data of the Rupununi, Southern Guyana, based on vegetation descriptions obtained from 
Amerindian hunters of the landscape to guide the assessment. This objective drew on the third 
approach for the inclusion of local knowledge in GIS (Robbins, 2003), where vegetation 
descriptions from Amerindian hunters were used as an alternative to ‘expert’ vegetation maps. 
An alternative map is critical, as the most widely utilized vegetation maps in Guyana were 
produced by experts - botanists and geographers - (e.g., Fanshawe, 1952; Huber et al., 1995; ter 
Steege, 2001) and these dominate the resource management landscape. The latter two studies 
built on the work of Fanshawe (van Andel, 2001), and relied heavily on organized forest 
inventory data, and satellite imagery in the map-making process. In the case of the maps 
produced by Fanshawe (1952) field plots were developed to classify vegetation, which were 
subsequently mapped. Further, it should be noted that Keeler-Wolf (2007) pointed out that while 
the classification of vegetation can be done either qualitatively or quantitatively, and while 
similar, is different from mapping vegetation. The qualitative approach of vegetation 
classification is based on intuitive life-form approach such as comparing woodlands versus 
forests, and scrub versus grasslands. The quantitative approach is much more involved and sets 
certain rules based on usually the percentage of cover or other biomass measure of either species 
or life forms present in a stand of vegetation. The vegetation mapping process attempts to 
graphically display the location of the different vegetation types and emphasize their spatial 
relationships (Keeler-Wolf, 2007). In the case of the ‘expert’ maps of Guyana’s vegetation, they 
emphasized the scientific worldview of the map producers (Chapin and Threlkeld, 2001; 
Monmonier, 1991; Rundstrom, 1991; 1995) limiting their utility for all managers, including 
indigenous peoples who are affected by their portrayal of reality. This study recognizes 
indigenous peoples’ ability to describe their landscape, and hypothesizes that these descriptions 
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can be used in the map-making process. Ideally, a map of this nature will trigger discussions in 
Guyana and the wider Neotropics where changes in the resource management landscape will 
involve indigenous peoples and their lands, especially through initiatives like Guyana’s Low 
Carbon Development Strategy (LCDS; LCDS, 2009) being currently pursued. Guyana’s LCDS 
aims to protect forest, State and Amerindian-owned (if Amerindian communities opt in), under 
the umbrella framework of the United Nations’ Reduced Emission from Deforestation and 
Degradation (REDD+) program (un-redd.org), and will require monitoring forest change 
utilizing vegetation maps. The interpretation of map classes could therefore be important for 
more than one groups of forest managers. The second objective, closely related to the first, 
assessed how attributes of the biophysical environment relate to the Amerindian hunters 
description of vegetation. Scholars, including Rundstrom (1991) and Harley (1989) suggested 
that indigenous peoples’ view of the landscape is part of a larger process cartography; that is, 
indigenous peoples’ view of their landscape offers more than a static snapshot in time. This 
chapter hypothesizes that indigenous hunters are similarly inclined, and that their vegetation 
descriptions will portray their human-environment interactions, where barriers to their movement 
in the landscape for hunting, gathering and other traditional activities will be emphasized (Read 
et al., 2010). Hunters’ descriptions of vegetation will therefore reflect the biophysical 
environmental attributes around them, in a sense presenting an informal inventory of forest and 
other landscape characteristics, as opposed to formal inventories utilized by experts. Biophysical 
environmental attributes - elevation, tree density, basal area and moisture – were compared 
across vegetation classes to assess how these may have influenced hunters’ vegetation 
descriptions.  
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3.2 METHODS 
3.2.1 Background to the Rupununi Case Study  
This research was completed in the Rupununi in Southern Guyana. Features of the biophysical 
environment and logistic factors control hunting patterns both over space and time. Species 
abundances and the real and perceived amount of effort required to bring home a kill, influence a 
hunter’s decision on where to hunt in the wider neotropics and the Rupununi (Read et al., 2010). 
These ideas of ‘sense of place’ (Read et al., 2010) may similarly impact how a hunter describes 
the landscape. Therefore, biophysical environmental attributes such as elevation, moisture, size 
(basal area) and height of trees, and the number of trees in any given area (density) may 
influence how an indigenous hunter describes and uses vegetation. The underlying notion of this 
chapter is that whereas a botanist or biologist relies on formal forest inventory data for making 
decisions on vegetation types, hunters make similar judgments, but these are made relative to 
accessibility and ease of movement within the landscape for hunting, gathering, and other 
traditional activities; that is, resource use. The hunters’ descriptions can therefore be 
incorporated with nonindigenous methods (Pearce and Louis, 2008) to guide the production of 
maps that may be useful to indigenous peoples and the scientific community alike. Many 
examples exist of indigenous peoples mapping their landscape in the Guyana context, but these 
have been limited in scale and scope. Forte (2000) reproduced hand-drawn maps used by 
communities surrounding the recently gazetted Kanuku Mountains Protected Areas (KMPA) to 
plan the delivery of health services, understand spatial distribution of wells, and plan for the 
future delivery of utilities. More formally, the communities of the North Rupununi collaborated 
with the Iwokrama International Center for Rainforest Conservation and Development (IIC) to 
map hunting and fishing grounds, and farming areas (Iwokrama, 2002). In Guyana’s North West 
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District (NWD) the Carib, Warrau and Arawak peoples mapped the distribution of the multiple-
use tree species – Carapa guianensis – along the Waini River (Cummings, 2006), while the 
Wapishiana people of the South Rupununi mapped their territory and natural resources to aid in 
resource management decision-making processes (Stabroeknews, 2012).  
 
3.2.2 Study Area  
This study was completed in the tropical moist forest and savannah biome (Read et al., 2010) of 
the Rupununi, Southern Guyana (Figure 3.1). The area of interest spanned approximately 48,000 
km2 and has elevation ranging from 30 m to approximately 1,100 m (Read et al., 2010). The area 
is the primary homelands of the Cariban-speaking Makushi and Arawakan-speaking Wapishiana  
Amerindian groups (Colchester, 1999; Figure 3.1), but members of other Amerindian groups 
also make the study area their home. Archaeological evidence (Plew, 2004) suggests that 
Amerindians have lived in the Rupununi for more than 10,000 years and as of today the majority 
still rely heavily on subsistence practices, including swidden agriculture, fishing and hunting 
(Communities of the North Rupununi, 2006; David et al., 2006; Forte, 1996; Read et al., 2010). 
The study area hosts twenty-six (26) legally-titled Amerindian communities, two (2) protected 
areas - the IIC and KMPA (Figure 3.1), and a Conservation Concession. For much of its history 
the area remained isolated with low levels of anthropogenic change, but recent road 
developments (Figure 3.1), agriculture and logging can bring significant change. Broadly, the 
vegetation of the Rupununi includes savannahs, forests, bush islands, rocks with their associated 
vegetation, wet savannah and ponds, oxbow lakes, rivers, and creeks with their associated 
vegetation (Jansen-Jacobs and ter Steege, 2001). Previous efforts including Clarke et al., (2001),  
Eden (1964; 1973), Fanshawe (1952), Huber et al., (1995), and ter Steege (2001) have described  
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Figure 3.1: Study area with the homelands of the dominant Amerindian groups, study sites and 
protected areas highlighted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
110 
 
 
 
various aspects of the area’s vegetation. 
 
3.2.3. Obtaining Vegetation Descriptions 
Twenty eight (28) randomly located study sites were selected - twenty-three (23) Amerindian 
communities and five (5) controls - within the study area (see Luzar et al., (2011) and Read et  
al., (2010) for details on study site selection and distribution). At each study site, eight (8) 
randomly located 4-kilometer long transects were installed; four each in two zones – 0 to 6 km 
and 6 to 12 km – respectively, from a study site’s center. A two-person team (referred to as 
hunters hereafter) consisting of an experienced hunter and a recorder, nominated by their villages 
or a village close to a control site, alternatively observed for wildlife and signs of wildlife (e.g., 
feces, hair, carcasses, or body parts, digging, burrows, eaten fruit or seeds, browsed plants, 
Fragoso et al., 2013) on transects at two-week intervals (Luzar et al., 2011; Read et al., 2010). 
Hunters varied in their experience and education, with some having previous experience 
participating in monitoring projects and some had some schooling, while others had neither 
background (Luzar et al., 2011). Hunters were however, native to their villages and the 
Rupununi and were working in familiar settings. Data collected by hunters included description 
of vegetation within which wildlife or signs of wildlife were observed. This process produced an 
initial list of vegetation descriptions for various portions of transects that were stored in a 
database. The initial list of vegetation descriptions was filtered, producing a common list of 
vegetation types across study sites. The filtered list was given to hunters to serve as a guide for 
describing all transects - savannah and forested - at their study sites. Hunters recorded the 
distance along transects (in meters) occupied by a certain vegetation type and noted when 
changes in vegetation occurred along transects to the closest meter mark. In addition to hunters, 
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vegetation descriptions were also collected by a tree inventory team sampling for trees and palms 
at fourteen forested study sites between July and December 2008. The tree inventory team 
included hunters as tree spotters, and were accompanied by local hunters as they described 
vegetation on transects. As the tree inventory team worked over multiple study sites, over a 
shorter period, vegetation descriptions from this team took precedence where a transect was also 
described by hunters separately and at a different time. Vegetation was described between July 
2008 and April 2009. But as the Landsat imagery (Section 3.2.4) used in this study were 
obtained in September and October, vegetation descriptions collected between July and 
December, 2008 were primarily used allowing for the impacts in seasonal changes and 
vegetation phenological variability to be minimized. Hunters’ vegetation descriptions were 
mapped in a GIS environment and examined for vegetation classification themes (Keeler-Wolf, 
2007) to develop a hierarchical classification scheme for a vegetation map.  
 
3.2.4. Remotely Sensed Data 
Three Landsat 5 scenes were downloaded from the United States Geological Survey (USGS) 
Earth Resources Observation and Science (EROS) Center (Table 3.1). The USGS archives were 
searched extensively to acquire imagery closer to the year of vegetation descriptions, but heavy 
cloud cover and failure of Landsat 5 and 7 did not allow for better quality imagery to be 
obtained. ASTER Global Digital Elevation Model (GDEM)1 scenes covering the study area were  
also acquired. Both the Landsat TM and ASTER GDEM data were acquired at 30 m pixel 
resolution.  
                                                          
1 Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) was 
developed jointly by the Ministry of Economy, Trade, and Industry (METI) of Japan and the United States National Aeronautics 
and Space Administration (NASA).  
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Table 3.1: Details on remotely sensed data utilized in this study. 
Data Acquisition date/ 
release date 
World References 
System (WRS) 
boundaries 
Pixel size 
(m) 
Number of  
bands used 
Landsat 5  1st  October, 2005 Path: 231; row: 57 30 6 
1st  October, 2005 Path: 231; row: 58 30 6 
2nd September,  2006 Path: 231; row: 59 30 6 
ASTER GDEM 17th October , 2011 Study area 30 n/a 
 
3.2.5. Image Pre-processing  
Bands 1-5 and 7 of the three Landsat TM scenes were georeferenced, converted to top of 
atmosphere reflectance (Chavez, 1996), stacked, mosaicked and merged with the ASTER 
GDEM. The decision was made to merge the Landsat Imagery and ASTER GDEM as inspection 
of hunters’ vegetation descriptions suggested that elevation was influential in their decision-
making processes. Clouds, cloud shadows and forest and other shadows were removed from the 
data using an unsupervised clustering technique (Helmer et al., 2002).  Prior to merging, 
negative values in the ASTER GDEM, a common problem associated with these data, were 
removed.  
 
3.2.6. Image Classification  
The hunters’ vegetation descriptions were separated into two random samples of approximately 
50% each (Table 3.2) of the landscape to train the image classification (Johannsen and Daughtry,  
2009) and assess map accuracy (Congalton and Green, 1999; Stehman and Foody, 2009). The 
data were separated using a stratified random sample by vegetation classes and study sites. The  
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Table 3.2: The distribution of vegetation descriptions used for classification training and accuracy 
assessment by vegetation class. 
 
training sample was used to guide an unsupervised classification (Lillesand et al. 2004) 
separating the merged Land imagery and ASTER GDEM into 50 unbiased spectral classes 
without human input. Hunters’ vegetation descriptions were overlaid on the unsupervised 
classification to determine which spectral classes corresponded to vegetation descriptions.  
 
3.2.7. Accuracy Assessment 
Three methods were used to assess the accuracy of the classified product. First, two hunters who 
described vegetation and had extensive knowledge of the study area gave informal impressions 
of the final vegetation map. Hunters were shown the map, asked whether they agreed with the 
classification, and whether glaring errors existed based on their knowledge. The second approach 
used the sub-sample of vegetation description data to generate 80 random reference points for 
each vegetation class. The vegetation referenced by each point was compared with the classified 
image (Congalton and Green, 1996; Stehman, 1997). The resulting error matrix showed how 
Vegetation Class 
Length of 
transects (km) 
described 
Training Data 
(Percentage)  
Reference  Data 
(Percentage)  
Seasonally Flooded Mixed High and Low 
Forest 129.1 7.0 7.5 
Lowland High Forest 129.8 6.9 7.7 
Lowland Mixed High and Low Forest 122.2 6.4 7.3 
Upland Low Forest 43.1 2.3 2.5 
Upland High Forest 69.9 3.6 4.2 
Mountain Mixed High and Low Forest 48.8 2.0 3.4 
Seasonally Flooded and Swampy 
Savannah 82.4 4.2 5.0 
Savannah with Bare Soil 232.7 12.8 13.3 
Upland Savannah 22 1.1 1.3 
Mountain Savannah 9.8 0.5 0.6 
Rivers, creeks, and other water bodies  1.7 0.1 0.1 
 891.5 47.0 53.0 
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reference data compared to the classified image and highlighted confused classes. The third 
approach compared the vegetation description of transect segments held for accuracy assessment 
and that were used as reference for the 80 random points with the classified image to assess 
whether any portion of the transect was incorrectly classified and if so, which class (es) were 
confused. An error matrix, highlighting the percentage of transects correctly classified, was also 
completed for this approach with overall accuracy computed as the percentage of transects 
correctly classified per class.   
 
3.2.8. Vegetation Description and Biophysical Environmental Attributes 
To assess the influence of the biophysical environmental attributes on hunters’ descriptions of 
vegetation, 30 random points, located on transects and at least 50 m apart to minimize spatial 
redundancy, were generated for each vegetation class. The variation of these attributes by 
vegetation classes was assessed and compared. Five biophysical environmental variables were 
assessed:   
1. Elevation – derived from the ASTER GDEM  
2. Moisture content – the normalized difference water index (NDWI) was utilized as proxy for 
moisture. Two versions of NDWI are described in the literature (Ji et al., 2009). The first, 
developed by Gao (1996), utilizes the normalized difference between the Near Infrared (NIR) 
and Short Wave Infrared (SWIR) bands of Landsat. The second, developed by McFeeters 
(1996), is the normalized difference of the green and NIR bands. Gao’s NDWI was chosen 
since it is most widely used in the literature for understanding forest and soil moisture. 
NDWI values range from 0 (minimum) to 1 (maximum).    
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3. Vegetation vigor: the normalized difference vegetation index (NDVI) (Huete and Jackson, 
1987) measures vegetation vigor and is impacted by forest density and structure. The NDVI 
values from 0 (least vigorous) to 1 (most vigorous).  
4. Tree size (basal area) – the mean diameter-at-breast-height (dbh) was computed for trees 
sampled at fourteen (14) forested study sites (see Section 2.3) within a 500 m2 (50mx10m) 
transect segment. The mean dbh was mapped as a raster layer to aid in extracting a dbh value 
for each of the randomly generated points.  
5. Tree density (number of trees) – a simple count of trees per 500 m2 was mapped in a GIS as a 
raster layer to aid in extracting a tree density value for each of the randomly generated points.  
 
3.3. RESULTS  
3.3.1. Vegetation Descriptions  
Hunter vegetation descriptions were obtained for 223 of 224 transects or the equivalent of 891 
kilometers of the study area. The overall sample contained more than 150 unique descriptions. 
Vegetation descriptions contained details on land-use, occurrence of recent fires, hydrology 
(rivers, creeks, swamps, flooding events), dominant vegetation type (forest or savannah), current 
or recent farms, approximate age of old farms, and an indication of elevation of the area being 
described. The descriptions contained themes relating to vegetation characteristics, and 
biophysical environmental attributes. Vegetation characteristics descriptions included: bush 
island, farms, old farms, high bush, low bush, ite palm swamp, muri shrub, rock low bush, and 
savannah. It should be noted that in the Rupununi and Guyana context, ‘bush’ suggests forest, 
while savannah suggests herbaceous vegetation. Inferences could also be made on the vegetation 
characteristics, tree density (number of trees), tree size (dbh) and tree height, based on the 
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descriptions. For instance, both high bush and low bush refer to forested areas, but high bush 
suggest an area with a higher density of larger (dbh) and invariably taller trees, while low bush 
suggests an area of lower density and smaller trees. Bush islands are areas of forest within 
savannah. Ite palm swamp are seasonally or permanently flooded areas, primarily in savannah, 
dominated by Mauritia spp. palms, while ‘muri shrub’ is forest of lower tree densities, shorter 
trees and smaller sizes (dbh) generally located in the savannah-forest transition. Modification of 
the term ‘bush’ signaled transitions between forest types and indeed savannah types as is 
common in tropical settings (e.g. Powell et al, 2004). For example, ‘bushy savannah’ suggested 
an area with a heavy herbaceous undergrowth, but with significant coverage of trees and/or 
shrubs. Generally, bushy savannah indicated a higher density of Kaiambe (Curatella americana) 
trees that are generally associated with the Rupununi savannahs. The absence of the “bushy” 
descriptor for savannah by the same logic, suggested the absence or lower density of trees within 
herbaceous vegetation.  
 
The physical environmental themes reflected two main features: hydrology and elevation. 
Hydrological themes included: ‘flooded’, ‘swamp (y)’, ‘river’ and ‘creek’, while elevation 
themes included: ‘mountain’, ‘hilly’, ‘upland’ and ‘lowland’. Physical environmental themes 
generally modified vegetation characteristic themes. For instance, hunters may have described 
vegetation as Flooded Low Bush or Mountain High Bush, combining the two descriptors to 
provide both a vegetation and physical environment depiction. There were however, as expected 
with the number of hunters describing vegetation, uncertainties and ambiguities in the data, as is 
common in GIS data sets (Longley et al., 2001). For example, one hunter’s description may have 
been, “Flooded Low Bush”, while another, presumably describing similar vegetation, may 
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describe it as, “Low Bush Flooded”. As hunters worked independently at their own study sites, 
these differences were not surprising. Obvious differences in descriptions were ‘standardized’ 
where possible and the descriptions were used to develop a hierarchical classification scheme 
similar to those developed by Anderson et al., (1976); Robbins (2003) and Simms (2010) using 
the most common and dominant vegetation and biophysical environmental characteristics.  
 
3.3.2. Vegetation Classes  
Merging the most dominant and common themes of vegetation and biophysical environmental 
attributes in the hunters’ description led to eleven (11) major vegetation classes (Figure 3.2; 
Table 3.3), based on the broader forest and savannah vegetation types emerging. Six (6) classes 
described forests, four (4) described savannahs and one (1) described water bodies and 
hydrological features. The forest classes: Seasonally Flooded Mixed High and Low Forest; 
Lowland High Forest; Lowland Mixed High and Low Forest; Upland Low Forest; Upland High 
Forest and; Mountain Mixed High and Low Forest, represent mainly the hydrological features of 
the study area but also a progression from lower to higher elevations. Likewise, savannah 
classes: Seasonally Flooded and Swampy Savannah; Savannah with Bare Soil (including roads); 
Upland Savannah and; Mountain Savannah, reflected frequency and duration of flooding and 
progression along an elevation gradient within which herbaceous communities were located. The 
names of the classes were derived directly from the hunters’ vegetation descriptions or were  
influenced by the themes reflected in their descriptions. The biophysical environmental and 
vegetation attributes (tree density and size) associated with these classes varied (Table 3.4), but 
elevation and tree density were the main factors separating classes.  
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Figure 3.2: Vegetation classification of the Rupununi using descriptions from Makushi and 
Wapishiana Amerindian hunters. 
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Table 3.3: Vegetation types derived from Amerindian hunters' vegetation descriptions. 
Vegetation Class Description 
Forest Classes:  
Seasonally Flooded Mixed 
High and Low Forest (SFM) 
Vegetation that are seasonally flooded (low bush and high bush) and a 
high proportion of muri shrub. Most of the current farms, old farms and 
logging areas are associated with this class.  
Lowland High Forest (LHF) Forests at slightly higher elevation that the Seasonally Flooded Mixed 
High and Low Forest. Dominated by larger trees, this class also 
experiences some flooding, but are located away from rivers and 
creeks. Also includes farming areas.  
Lowland Mixed High and 
Low Forest (LMH) 
The zone of forests between the Lowland High Forests and Upland 
High Forest areas. 
Upland High Forest (UHF) Forests away from the flood zones in the North Rupununi. In the South 
Rupununi however, the forests in this class, are the areas within which 
swidden agriculture occurs.  
Upland Low Forest (ULF) Smaller trees and shrubs at a slightly lower elevation than forests in the 
Upland High Forest area.  
Mountain Mixed High and 
Low Forest (MMF) 
Forests found at the highest elevation in the Rupununi, mainly on the 
Pakaraima and Kanuku Mountain ranges. This class is dominated by 
taller trees, but smaller trees and some shrubs are also present.  
Savannah Classes:  
Seasonally Flooded and 
Swampy Savannah (SFS) 
Dominated by herbaceous vegetation that is flooded during rainy 
seasons. Trees and shrubs may be present, but at lower density than 
forests. This class is associated with the banks of rivers, creeks and Ite 
Swamps, especially in the South Rupununi. The Georgetown to 
Lethem road is included in this class.  
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Savannah with Bare Soil 
(SBS) 
Dominated by herbaceous vegetation and uncovered ground (including 
rocks) that are not as frequently flooded.  
Upland Savannah (ULS) Isolated patches of herbaceous vegetation at higher elevations. These 
areas appear to be the transition between Upland Forest and Mountain 
Forest especially in the Pakaraima mountains area. In the South 
Rupununi current farming areas were observed to be spectrally similar 
to these areas.   
Mountain Savannah (MTS) Different from the Upland Savannah class by being located at higher 
elevations.   
Other Classes:  
Rivers, creeks, and other 
water bodies (RVP) 
Rivers, creeks, ponds and lakes and their associated vegetation.  
Clouds, Cloud Shadows and 
Forest Shadows  
Areas in the image that were covered by clouds, cloud shadows and 
forest shadows.   
 
 
These coarse-scale vegetation classes allowed for the ambiguity and uncertainty contained in the 
hunters’ descriptions to be minimized, while still reflecting details on the Rupununi landscape 
from the hunters’ perspective. Vegetation descriptions allowed for the study area to be separated 
into various transitions within the broad savannah and forest classes. The vegetation classes 
varied in their abundance in the landscape. For instance, the Seasonally Flooded Mixed High and  
Low Forest and Lowland High Forest classes dominated the forested landscape, while the 
Savannah with Bare Soil class dominated the savannah landscape (Figure 3.2). The Upland Low 
Forest and Upland Savannah classes were rare. It should be noted that these coarse-scale classes 
are not absolute; that is, descriptions do not suggest that these are the only regions associated 
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Table 3.4: Biophysical environmental attributes measured and the mean value for each attribute 
for the ten vegetation classes 
Vegetation Class Elevation (m) Density 
(trees/500m2) 
Tree Sizes 
(mean 
DBH/500m2) 
NDVI NDWI 
SFM 109 6 34 0.9 0.7 
LHF 130 6 40 0.9 0.7 
LMH  180 4 38 0.8 0.7 
ULF 346 3 32 0.9 0.7 
UHF 365 4 36 0.9 0.7 
MMF 714 6 40 0.9 0.7 
SFS 113 n/a n/a 0.5 0.5 
SBS 149 n/a n/a 0.4 0.4 
ULS 271 n/a n/a 0.5 0.3 
MTS 301 n/a n/a 0.6 0.5 
 
with a particular vegetation characteristic or biophysical environment attribute. Rather, the 
classes represent the best fit to the imagery given hunters' vegetation descriptions. As an 
illustration, the class Lowland High Forest refers to forested vegetation at higher elevations 
(Table 3.4) when compared to the Seasonally Flooded Mixed High and Low Forest adjacent to 
this class. The classification does not suggest the absence of flooding within the Lowland High 
Forest area, rather, based on the descriptions from hunters these areas appear to flood less 
frequently and for shorter periods. Areas in the class Seasonally Flooded Mixed High and Low 
Forest areas on the other hand may experience extended flooding during the rainy seasons. 
Further, the upland and mountain forest classes describe vegetation at progressively higher 
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elevations. Upland Low Forest is different from Upland High Forest in three ways: smaller trees 
(dbh); lower tree density and lower elevation (Table 3.4). Similarly, the Mountain Mixed High 
and Low Forest class, implies forests on ‘mountain’ (mainly the Kanuku and Pakaraima 
Mountains; see Figure 3.2) elevations. Discriminating between the mountain low bush (smaller 
trees) and mountain high bush (larger trees) was not possible, but the analysis (Table 3.4; Figure 
3.3) showed this class located at elevation above the Upland classes with slightly larger tree 
(dbh) and higher tree density.  
 
Hunters’ descriptions also reflected the different perspective of hunters working across the study 
area. Based on elevation, the North Rupununi was more diverse than the South, including forest 
and savannah at lower flooded regions to forest and savannah in mountains. The South Rupununi 
on the other hand, had a higher overall elevation than the North, but was less diverse in terms of 
elevation, and the number of vegetation classes. It appears as though these differences influenced 
hunters’ descriptions of vegetation. In the South Rupununi for example, hunters working in 
villages with higher elevations, described their vegetation with the ‘mountain’ prefix, e.g. 
Mountain High Bush. Even though this description reflected the local reality and scale, at the 
larger Rupununi study area scale, similar vegetation was classified differently and were not 
similar to that occurring in the cloud forests of the Kanuku and Pakaraima Mountains as 
described by Jansen-Jacobs and ter Steege (2003). In such cases, the hunters’ description was a  
better fit to the Upland classes, where the Upland prefix referred to vegetation in the transition 
between lowland and mountainous areas. In this sense the Upland Low Forest and Upland High 
Forest classes provide insights into elevation, but also into tree sizes (dbh) and density (number 
of trees) present in these areas. The terms flooded, upland and mountain are similarly applicable 
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Figure 3.3: The main hunter described vegetation classes and the mean elevation, tree sizes 
(dbh), tree density (number of trees), NDVI and NDWI associated with each class. 
 
Vegetation types key: 1. Seasonally Flooded Mixed High and Low Forest; 3. Seasonally Flooded 
and Swampy Savannah; 4. Lowland High Forest; 5. Savannah with Bare Soil; 6. Lowland Mixed 
High and Low Forest; 7. Upland Savannah; 8. Upland High Forest; 9. Upland Low Forest; 10. 
Mountain Savannah; 11. Mountain Mixed High and Low Forest.  
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to the savannah vegetation classes, where a strong link to elevation (Figure 3.3) was also evident. 
By this logic, the Seasonally Flooded Savannahs were located at lower elevations and Mountain 
Savannahs at higher elevations. As the name suggests, the pond and water body class included 
rivers, creeks, oxbow lakes and permanent swamps of the Rupununi and their associated 
vegetation similar to those described by Jansen-Jacobs and ter Steege (2003).   
 
Higher moisture content (Gao’s NDWI) was associated with vegetation types that experienced 
flooding, for example Seasonally Flooded Mixed High and Low Forest (Table 3.3; Figure 3.3). 
The NDWI values appear to reflect drainage and runoff from the forested mountainous areas, 
with lower values at higher elevations (Figure 3.3). But against this trend seen in forests, the 
Mountain Savannah class had slightly higher moisture than the Seasonally Flooded and Swampy 
Savannah, perhaps reflecting faster evaporation rates in the open savannah environments at 
lower elevations and higher rainfall rates as these savannahs are adjacent to the cloud forests 
(Jensen-Jacobs and ter Steege, 2001) of Pakaraima Mountains. As expected, the forested 
vegetation classes had very little differences in NDVI values (Table 3.4; Figure 3.3) with 
Lowland High Forest the most vigorous and Lowland Mixed High and Low Forest the least 
vigorous. Savannah classes had similar NDVI values, with Mountain Savannah the most 
vigorous.  
 
3.3.3. Accuracy Assessment  
The two hunters who assessed map accuracy noted that the map seemed to represent their 
perception of the landscape well. Since the hunters were from the North Rupununi, however, and 
the hunters from the Central and Southern Rupununi study sites could not view the map it was 
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difficult to conclude based on these two hunters how well the final map represented all hunters’ 
perceptions of their landscape. However, given that the two North Rupununi hunters have 
extensive knowledge of the Rupununi landscape, and have frequented the Central and South 
Rupununi villages, the map appears to be a good model of the study area’s vegetation.  
 
The conventional hard accuracy assessment with the rule of thumb of 80 reference points per 
class (Congalton and Green, 1999) yielded an overall accuracy of 64.1% (Table 3.5) which is 
considered low in the literature, with 85 % being the goal (Anderson et al., 1976). However, 
lower accuracy assessment results are not unusual (Powell et al., 2004. The overall accuracy 
aside, many of the classes varied in producers’ and users’ accuracy measurements. Four forested 
classes – Seasonally Flooded Mixed High and Low Forest; Lowland High Forest; Lowland 
Mixed High and Low Forest; and Mountain Mixed High and Low Forest, had user’s accuracy 
above 70 %. This means that the map shows these forest classes correctly more than 70 % of the 
time on the ground. Upland High Forest had a user’s accuracy below 48.5 %. Similarly, the 
Upland Low Forest users’ accuracy was 58.33 %. With the exception of Seasonally Flooded 
Mixed High and Low Forest (33 %) and Upland Low Forest (43.75 %; Table 3.5) all the forested 
classes had Producer’s accuracy above 50%, meaning that of the actual area in the landscape 
defined as these classes, more than 50% were correctly classified. The number of confused  
classes (Table 3.5) reflects the difficulty in discriminating between the vegetation classes, both 
forested and savannah.  
 
The third accuracy assessment approach gave better overall accuracy of 68% (Table 3.6). 
However, the error matrix showed that transect segments, when compared with the vegetation 
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Table 3.5: Error Matrix for the hard vegetation classification.  
 
 Reference Data   
Classified 
Data SFM RVP SFS LHF SBS LMH ULS UHF ULF MTS MMF 
Producers 
Accuracy 
Users 
Accuracy 
SFM 57 0 1 11 1 2 0 0 0 0 0 33 80 
RVP 0 35 3 0 0 0 0 0 0 0 0 29 92 
SFS 6 45 52 3 13 5 4 0 2 1 0 59 40 
LHF 14 0 0 62 2 5 0 2 0 0 0 90 73 
SBS 0 0 17 0 57 3 0 0 2 0 0 79 72 
LMF 0 0 1 3 2 52 1 8 7 0 0 80 70 
ULS 0 0 2 0 1 1 46 1 0 35 3 12 52 
UHF 2 0 1 0 0 8 16 49 20 2 3 66 49 
ULF 0 0 0 0 1 0 6 6 35 2 10 26 58 
MTS 0 0 1 0 1 0 4 1 0 40 3 44 80 
MMF 0 0 0 1 0 0 3 6 14 0 61 88 72 
Column Total 80 80 80 80 80 80 80 80 80 80 80 
Overall Accuracy: 
64.3 % 
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Table 3.6: Error Matrix showing the percentages (length) of transects correctly classified on the final map (the values in each row are 
scaled by the reference data total). 
 
 Classified  Data 
Reference Data  
No Data 
SFM RVP SFS LHF SBS LMF ULS UHF ULF MTS MMF 
Producers  
Accuracy 
SFM 1.36 69.67 0.88 7.30 14.95 0.24 3.91 0 0.94 0 0 0 69.67 % 
RVP 0 0 79.80 10.73 1.66 7.81 0 0 0 0 0 0 79.80% 
SFS 0.38 3.14 16.47 44.57 0.90 32.52 0.28 1.57 0 0 0.18 0 44.57% 
LHF 0.33 15.20 0 0.33 77.26 0.67 5.39 0 0.81 0 0 0 77.26% 
SBS 4.79 0.07 0.48 1.12 0.98 85.13 4.36 2.81 0 0 0.26 0 85.13% 
LMF 1.60 1.80 0 0 10.39 3.31 69.58 0.02 12.99 0.31 0 0 69.58 
ULS 0 0 0 1.62 0 6.44 0.80 74.26 11.21 5.39 0.25 0 74.26% 
UHF 1.51 0 0 0 1.15 0 16.90 0 78.25 2.20 0 0 78.25% 
ULS 0 0 0 0 0 0 0 0 20 80 0 0 80.0% 
MTS 0.99 0 0 0.31 0.85 23.53 6.85 19.73 12.41 0 27.26 8.08 27.26% 
MMF 1.50 0 0 0 1.56 1.17 3.25 3.13 27.73 0.53 0.39 60.72 60.72% 
 Overall Accuracy = 68 %  
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map (Figure 3.2) had various portions mis-classified. Using this approach, only the Seasonally 
Flooded and Swampy Savannah and Mountain Savannah classes had less than 50% (44.57 and 
27.26) percent of transects misclassified. It should be noted here that Upland Low Forest (80%) 
class had a significant improvement in accuracy when compared to the second approach. 
Interesting though, there were very few transect segments that were completely misclassified, 
suggesting that seasonal changes may have been the main reason for the lower accuracies 
reported for the second approach. Similar classes were confused in the second and third 
approaches (Tables 3.5 and 3.6).  
 
3.4. DISCUSSION  
The descriptions of vegetation provided by Amerindian hunters proved useful in completing a 
vegetation map of the Rupununi, Southern Guyana. The final map (Figure 3.2) represents a 
synergy between hunters’ description of vegetation and the ability to map these using remotely 
sensed data. Hunters’ vegetation descriptions were essentially a vegetation classification (Keeler-
Wolf, 2007) with rich details (see Section 3.1) on the qualitative descriptions of vegetation forms 
that could not be included in the final map. For instance, descriptions such as Muri Shrub and 
bushy savannah could not be detected spectrally and hence are not reflected on the final map. In 
cases like these, descriptions were incorporated into one of the larger classes like Seasonally 
Flooded Mixed High and Low Forest and Seasonally Flooded and Swampy Savannah for these 
two descriptions, respectively. Similarly, the Ite (Mauritia spp.) swamp areas could not be   
discriminated from Seasonally Flooded and Swampy Savannah areas. But hunters’ identification 
of these vegetation types and the subtle differences between them demonstrated their attention to 
detail in their landscape, evidently identifying transition zones typical of tropical forests that are 
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difficult to map (Powell et al., 2004). The difficulties in mapping these classes may be due to 
limitations in the remotely sensed data and seasonal difference associated with data collection 
periods. From the imagery perspective, the classification process allows for similar spectral 
regions to be grouped into classes (Campbell, 2002; Lillesand et al., 2008) and in theory each 
object on the earth surface has a unique and characteristic way in which it interacts with 
electromagnetic radiation (Mather, 1999). These characteristic interactions are what allow for the 
discrimination of one object from another. In practice this theory works well for discriminating 
objects with marked differences in physical properties such as vegetation and water (Campbell, 
2002; Figure 3.2), but less so for similar objects such as vegetation types (Cochrane, 2000); as all 
vegetation has similar spectral responses.  
 
Changes in the Rupununi landscape between 2005-2006 (when imagery were obtained) and 2008 
(when vegetation was described) were limited (personal observation) but seasonal changes 
undoubtedly impacted vegetation descriptions. Despite formal records of weather conditions 
being absent for the study area, it is likely that weather patterns were different between the time 
of imagery acquisition and vegetation descriptions. Vegetation descriptions occurred over a 
growing season, beginning at the end of the rainy season (July- August) towards the beginning of 
the short rainy season and ideally for vegetation classification image acquisition and training 
data collection should occur at the same time (Jensen, 2007). Therefore, despite the value of 
terms such as high bush, low bush, savannah and the related adjectives such as mountain, 
flooded, burnt, lowland, swampy, and upland, the map was limited in terms of the level of detail 
it could portray. But, the hunters’ descriptions provided insights into the condition of vegetation 
as well as a marked methodological departure from expert produced maps with ‘lay people’ 
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providing data for classification training and assessment. Hunters’ connection to their landscape 
and the process cartography idea alluded to by Harley (1989) and Rundstrom (1991) were 
reflected in their descriptions. From the perspective of including indigenous peoples in scientific 
research, this work suggests that despite the limited schooling of hunters (Luzar et al., 2011), 
their familiarity with their environment and knowledge could be critical in resource management 
initiatives, and in particular the map-making process.  
 
The fact that only eleven broad vegetation classes were mapped must also be viewed in light of 
the challenges associated with mapping a tropical forest where multiple data sources existed. The 
initial list of vegetation descriptions could have been reinforced through a mechanism for hunters 
to share notes on vegetation descriptions at their respective study sites and is an area that future 
studies could address. Further, the vegetation descriptions were compiled from twenty-eight 
study sites with potentially different local scale peculiarities in vegetation and topography, but 
also collected by no less than twenty-eight different sets of hunters. The chances for ambiguities 
and uncertainties (Longley et al., 2001) in the data set were high, and indeed evident.  
 
Even though the vegetation descriptions were not developed from forest inventories and 
empirical measures of biophysical environmental attributes, they reflected both of these qualities 
that are critical to understanding vegetation classification and spatial distribution (Keeler-Wolf, 
2007). Based on the statistical analysis (Table 3.6), hunters’ vegetation descriptions reflected a 
recognition of the barriers to their movements within their landscape as these impact their 
mobility for hunting and gathering (Read et al., 2010). These factors are important for resource 
management as well, since they may indicate areas where resources may be vulnerable to 
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exploitation. Higher elevations have been shown as barriers to hunters’ movements (Read et al., 
2010) and may, similarly, impact the movement of loggers. Further, from a resource 
management perspective, the vegetation descriptions from hunters (Section 3.1) also indicated 
where swidden agriculture and gathering occurs, and these areas appear to be similar in physical 
environmental characteristics as other Neotropical settings (Huber and Zent, 1995) and may be 
useful for gauging future resource management conflicts.  
 
The conventional accuracy of the vegetation classification was below those recommended in the 
literature (Anderson et al., 1976; Congalton and Green, 1999), but accuracies at this level are not 
uncommon in tropical forest settings (Powell et al. 2004). This must also be taken in perspective, 
in that one may be hard pressed to obtain reports on accuracies on the ‘expert’ maps (Fanshawe, 
1952; Huber et al., 1995; ter Steege, 2001) produced for the study area. Nevertheless, future 
studies, and especially those seeking to incorporate indigenous peoples in the map-making 
process should consider softer approaches to accuracy assessment, including the multiple-
resolution method (Pontius and Cheuk, 2010) and fuzzy set approaches (Lewis and Brown, 2004; 
Gopal and Woodcock, 2004). Softer classification approaches may allow for uncertainties in 
training data collection to be included as factors in accuracy assessment. In the final analysis, the 
map appeared to have satisfactorily captured the variability present in the study area based on the 
views of hunters.   
 
3.5. CONCLUSIONS 
Indigenous hunters’ descriptions of vegetation provided a different perspective from those of 
experts such as Fanshawe (1952), Huber et al. (1995) and ter Steege (2001). This study 
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confirmed views of other scholars, suggesting that indigenous hunters can be reliable 
collaborators in scientific research (e.g. Luzar et al., 2011). The norm in vegetation cover 
analysis is for experts to classify vegetation (Keeler-Wolf, 2007), and then complete a 
classification and accuracy assessment (e.g. Stehman, 1997). Other approaches utilize indigenous 
people and local groups in each step of the map-making process (Cinderby, 1999; Hilerhy, 2003; 
Harris et al., 1995), and in this regard, we posit that a hybrid approach is possible and viable in 
settings where the role of indigenous peoples in resource management is critical. Indigenous 
peoples have strong relationships to their environment and maps produced by ‘official’ sources 
could threaten these associations and their influence in management. Where indigenous peoples 
want to rely on maps to understand how changes in their landscape may affect their livelihoods, 
such differences in opinion over the composition of map classes (Pearce and Louis, 2008) could 
be important in shaping how they understand data presented to them. The map (Figure 3.2) 
provides an alternative to the expert views, similar to those produced by Robbins (2003) and 
Simms (2010) and represents a marked departure from the expert driven map-making process 
where views of state experts or scientists are imposed on the landscape (Chapin and Threlkeld, 
2001). Hopefully, the map would be judged for more than accuracy, granted that is critical, but 
also for the fact that it will continue the conversation on map-making in Guyana, and the wider 
Neotropics with regards the role of indigenous peoples in resource management. This chapter 
demonstrated that indigenous peoples have a role to play in areas once dominated by ‘experts’, 
thereby presenting national and local level resource managers with options for understanding 
landscapes to be used in addressing critical questions on land-cover change and changes in 
landscape configurations. Such a map may be used at multiple levels, from the management of 
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individual classes of resources such as multiple-use plant species to broader assessments of risks 
to ecosystems.  
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CHAPTER 4: IMPLICATIONS OF FOREST TYPE AND LAND TENURE FOR THE 
SUSTAINABLE MANAGEMENT OF MULTIPLE-USE TREE SPECIES IN 
NORTHERN AMAZONIA  
ABSTRACT  
Multiple-use plant species, a feature of Amazonia’s forest ecosystems, provide vital ecosystem 
services, including providing food for wildlife, NTFPs for indigenous peoples while their stems 
are commercially logged. The sustainable management of such plant species requires a sound 
understanding of their ecological well-being and this has been historically examined relative to 
forest type. But as Amazonia’s landscapes continue to change, being divided into various tenure 
holdings with each influencing land-use policies, such realities must be considered for species 
management. This chapter examines the size-class distribution and abundance of seventeen 
multiple-use species relative to forest type and land tenure class across fourteen Rupununi, 
Southern Guyana study sites to determine which is the most appropriate frame of reference for 
examining such parameters. Plants were distributed across four tenure classes – Amerindian 
titled lands, State-owned lands, and two types of protected areas (protected area (logging 
permitted) and protected area (no logging permitted) and six forest types. Size-class curves and 
abundance patterns showed that forest type and tenure class are relevant within certain contexts. 
Forest type is appropriate where multiple-use species distribution is considered within one land 
tenure class, such as a protected area. But where landscapes are diverse, with diversity defined 
by the number of tenure classes present, and as tenure boundaries dictate whether a resource is 
protected or extracted, tenure classes present a more critical frame of reference for assessing 
ecological parameters. Tenure classes and their influence on land-use policy therefore, is a better 
determinant of whether critical ecosystem services may be compromised within a landscape.    
Keywords: multiple-use species, forest type, land tenure, sustainable management, tropical 
landscapes  
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4.1 INTRODUCTION 
Tropical multiple-use plant species perform many ecosystem functions and services (Cardinale et 
al., 2012), including supporting human and wildlife populations. At their most critical level 
multiple-use species provide food for wildlife, non-timber forest products (NTFPs) for indigenous 
peoples and rural populations (e.g., Bryon and Arnold, 1999; Forte, 1996; Tickin, 2004) while 
their stems are commercially logged (Klimas et al, 2007; Klimas et al, 2012a, Klimas et al. 2012b). 
Factors impacting the sustainable management of such plant species have received considerable  
attention of late (see for example  Klimas et al., 2007; Majeed et al., 2009; Mwavu and Witkowski, 
2009) primarily because integrated approaches to natural forest management remain elusive 
(Guariguata et al., 2008), placing the ecosystem services provided by such species at risk. At the 
same time, reviews on assessing risks to biodiversity and ecosystems and the implications of 
biodiversity loss to human populations continue to emerge (e.g. Cardinale et al., 2012; Keith et 
al., 2013), highlighting the threats to critical components of tropical forest ecosystems, such as 
multiple-use tree species and the services they provide. Yet, there is debate over the most 
appropriate framework for gauging risks to biodiversity. Peters (1996) and subsequent authors, 
such as Klimas et al (2007), have suggested forest type (a synonym for ecosystem, Keith et al., 
2013) as a suitable frame for examining the well-being of multiple-use species. However, in 
Neotropical landscapes where the existence of more than one land tenure class is the norm, using 
forest type for understanding the distribution of multiple-use tree species may not allow for a full 
appreciation of the risks associated with such species.  
 
Landscape diversity, defined here as the number of classes of land tenure within a locale, appears 
to be a critical variable for consideration as Neotropical landscapes continue to change, both to 
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facilitate resource extraction and protection. Land tenure, or the form of rights or title under which 
property is held, determines how an individual or group may use, share, sell, lease, inherit, or 
otherwise use and control property and resources (Brandon et al., 1998; Naughton-Treves and 
Wendland, 2013). In tropical settings, land tenure classes include protected areas, indigenous titled 
lands, State-owned lands and private lands. These tenure classes fragment landscapes with each 
imposing a different ideal on how land under their control is used. Land tenure holdings determines 
whether biodiversity is protected or extracted for commercial and other uses. Further, tenure 
classes may act as a means of securing the provision of ecosystem services (Cardinale et al., 2012), 
for example, gathering by indigenous communities within Amerindian title land. On the other 
hand, tenure classes may constitute a restriction on the distribution of biodiversity (Keith et al., 
2013) thereby predisposing biodiversity to spatially explicit threats, for example, logging in timber 
concessions. In this regard, an understanding of the various tenure classes present within a 
landscape, and the implications each has for biodiversity protection and management will provide 
insights as to where within a landscape multiple-use species are at risk.   
 
Protected areas and parks have received considerable support from scholars as a part of the strategy 
for protecting threatened tropical biodiversity (e.g., Brandon et al., 1998; Kramer et al., 1997; 
Margules and Sarkar, 2007; Terborgh et al., 2002). Nevertheless, questions remain over the most 
appropriate configurations and mechanisms for governance of protected areas. For example, some 
scholars argue for open borders and conservation driven by resource-use principles (Brandon et 
al., 1998). On the other hand, the role of people in conservation, including indigenous peoples, 
remains a sticky issue. Some scholars argue that biodiversity protection should be people centered, 
with indigenous and rural populations heavily involved (e.g., Brandon et al., 1998; Perreault, 1996; 
142 
 
 
 
Stocks, 2005) while others, including Terborgh and Peres (2002) argue that people are a threat to 
biodiversity and their involvement should be discouraged. Despite these debates, protected areas 
are a part of many tropical landscapes and are often established adjacent to the territories of 
indigenous peoples (with some designed to incorporate traditional practices. For example, the 
Iwokrama International Center for Rainforest Conservation and Development (IIC; Iwokrama Act, 
1996) and the Kanuku Mountains Protected Areas (KMPA; Environmental Protected Agency 
(EPA), 2009) in Guyana are both designed to allow indigenous peoples to continue traditional 
activities within their boundaries. But, the inclusion of protected areas within tropical landscapes 
adds a layer of political complexity (Olwig and Mitchell, 2007), impacting access to resources, 
including multiple-use plant species.  
 
Besides protected areas, Neotropical landscapes often contain indigenous peoples’ territory – both 
traditional and legally recognized. Over the past three decades or so, major portions of tropical 
landscapes have been legally titled to indigenous peoples (Colchester et al., 2001; Chapin et al., 
2005; Stocks 2005).  A key justification for indigenous peoples’ increased ownership of lands has 
come from scholars arguing that indigenous peoples are best placed to manage tropical forests 
(e.g., Chapin et al., 2005; Shanley and Stockdale, 2008) and should therefore own territory. But 
indigenous peoples themselves have responded to the threats they saw human expansion posed to 
their livelihoods and traditions and have lobbied their respective States to grant them title to lands 
they traditionally used. As a result, the number of titled areas are increasing across the world 
(Colchester et al., 2001). In Guyana, for example, there are more than 126 legal Amerindian 
communities, occupying more than 16% of the national territory (LCDS, 2009). Similarly, 
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indigenous peoples elsewhere in South America control large portions of national territories in 
Bolivia (>18%), Colombia (27 %) and Peru (50.8 %) (Roldan, 2004; Stocks, 2005).  
 
Yet the allocation and demarcation of indigenous lands within the tropics have often been an 
afterthought on the part of nation States. As a result, indigenous territories invariably occupy non-
contiguous areas of land, leaving gaps in the landscape (the archipelago syndrome, Assies, 2000; 
Stocks, 2005) that are either State-owned, privately owned or protected areas. In cases where gaps 
are State-owned, such areas may be earmarked through State permits for logging and gold mining 
activities. These extractive industries may then directly impact the well-being of multiple-use 
plants and resources utilized by indigenous peoples, in addition to other ecosystem functions and 
services. Overall, the impacts of tenure on indigenous communities and resource uses are still 
being determined. In Africa, for example, Nyame and Blocher (2010) found that land owners in 
Ghana traded their rights to land which lead to an increase in illegal mining activity and stretching 
the capacity of government to regulate the artisanal mining sector.  Further, Damnyag et al., (2012) 
found that tenure insecurity in Ghana led to increased deforestation, and Abdulai et al., (2011) 
reported that land ownership resulted in greater investment in resource protection. In Kenya, 
Kennard and O’Brien (2012) reported that private land ownership was a sound means of protecting 
wildlife.  
 
Apart from the impacts of landscape diversity on multiple-use species distributions, forest type has 
been traditionally identified as the critical frame of reference for studying species distributions 
(Peters, 1996). But defining forest type is often difficult (see for example de Granville, 1988; 
Hamilton, 1991; Prance, 1979). Prance (1979) highlighted the challenges in describing Amazonian 
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forests, noting that scholars in limnology and botany may refer to the same forest type with 
different terms. As a consequence, multiple classification systems exist for the same forests (de 
Granville, 1988). As an illustration, de Granville (1988) noted that in the Guianas, the upland moist 
forests are the equivalent of lowland tropical moist forests of Prance (1979), the lowland rain 
forests of Richards (1952) and the rainforest of Fanshawe (1952). de Granville further noted that 
defining the spatial extent of forest types and their associated environmental parameters is difficult, 
with elevation of some forest types ranging from sea level to over 1000 m. Using forest type, 
therefore, to define the distribution of multiple-use species can pose challenges, particularly 
amplified where species abundance is rare, threatened or endangered.  
 
Similar to the difficulties associated with defining forest types, the description of abundance of 
multiple-use species within forest types in the literature can also be vague. For example, 
Roosmalen (1985) described the distribution characteristics of the multiple-use species Manilkara 
bidentata in the Guianas as, “common; rain and marsh forests.” van Andel (2000), Hall (2004), 
and Polak (1992) offer little further clarification on M. bidentata distribution with van Andel 
suggesting the species is “locally dominant in mixed forests” and Polak suggesting it is “dominant 
in seasonal forests and common in Wallaba (Eperua spp.) and Morabukea (Mora gonggrijpii) 
forests.” An interpretation of Roosmalen’s description suggests that M. bidentata is a common 
species found in rain and marsh forests. The semantic difficulties of defining “common” and 
“dominant” aside, these descriptions pose challenges in understanding the abundance and 
distribution by forest type which is a parameter noted by Peters (1996) as critical for the sustainable 
management of multiple-use species.  Using forest type for assessing how a species may be 
vulnerable to overexploitation therefore, may present misleading conclusions. Therefore, with the 
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understanding that Neotropical landscapes are changing their configurations, and the limitations 
of forest types and abundance descriptors in mind, this chapter addresses a key overarching 
question: How do land tenure classes and forest types affect the distribution of multiple-use tree 
species?  
 
Objectives 
The primary objective of this chapter was to assess how forest types and land tenure classes 
influence the distribution of select multiple-use species across the Rupununi landscape. The 
abundance, distribution and size-class distribution of multiple-use tree was compared by two 
frames of reference: forest type and land tenure, to determine which is more appropriate for 
studying ecological parameters and risks to the sustainability of the ecosystem services provided 
by multiple-use plant species. Since Peters’ (1996) suggestion that defining forest types with which 
multiple-use species are distributed is critical to their sustainable development, others including 
Klimas et al., (2007) have used forest type as  a means of comparing the abundance and distribution 
characteristics of such species. Studies like Klimas’ though, have been restricted to a single species 
(Carapa guianensis) within one land tenure class (protected area). In this regard, this chapter, 
using seventeen (17) species, first assesses and contrasts the abundance of multiple-use species 
across forest types and tenure classes, and examines the implications of species distributions for 
sustainable management. Secondly, as Peters (1996) suggested that the size-class distribution of a 
species will provide insights into their well-being (see Chapter 1), size-class plots of seven (7) 
species were contrasted across forest types and tenure classes to determine whether they present 
different perspectives on species’ well-being. In Chapter 2 of the dissertation, four (4) classes of 
multiple-use plants were identified: wildlife food, commercial timber and traditional uses; 
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commercial timber and wildlife food; commercial timber and traditional uses; wildlife food and 
traditional uses. The seventeen (17) species used in this analysis were drawn from the class wildlife 
food, commercial timber and traditional uses. The vegetation map of the Rupununi, Southern 
Guyana study area, (Chapter 3) was used to extract forest types, while a map of land tenure classes 
of the Rupununi study area was used to assess species distributions across land tenure classes. 
Differences in abundance and size-class distribution curves across tenure classes and forest types 
will suggest that these frames of reference may be appropriate for studying population and 
distribution characteristics in different contexts.  
 
4.2.METHODS 
4.2.1. Overview  
This study was completed in the Rupununi, Southern Guyana. Distribution data of selected 
multiple-use tree species were collected from fourteen (14) primarily forested study sites. The 
distributions of seventeen species and their size-class distributions were examined and compared 
across forest types and land tenure classes.  
 
4.2.2. Study Area Description 
This study was completed in the tropical forest and savannah biome of the Rupununi, Southern 
Guyana between 00 50’ – 40 49’ N and 560 54’ – 590 55’ W. The study area was approximately 
48,000 km2 and located 350 km southwest of the capital of Guyana, Georgetown (Figure 4.1). The 
area gets its name from the Rupununi River, a tributary to Guyana’s largest river - the  
Essequibo. The predominantly forested Kanuku Mountains bisect the Rupununi into a northern 
and southern section (Jansen-Jacobs and ter Steege, 2000) and has a highest elevation of 
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Figure 4.1: Study Area with land tenure classes and sampling locations depicted. 
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approximately 900 m (ASTER GDEM1). The Pakaraima Mountains, located in the northwest of 
the region, are the study area’s highest points - approximately 1,100 m (Read et al., 2010) and 
comprise a mixture of forests and savannahs.  The savannahs of the Rupununi have been studied 
by Eden (1964, 1973) and cover a large part of the southern region of Guyana and extends into 
Brazil. The presence of savannah in the Rupununi has been attributed to edaphic, rather than 
climatic factors (Clarke et al, 2001). Fringing the Rupununi savannahs are dry forests (deciduous) 
that extend into Brazil and Venezuela (ter Steege and Zondervan, 2003). The Rupununi ecosystem 
hosts a high diversity of ground-living mammals, frugivorous primates, reptiles and birds 
(Montambault and Missa, 2002; Watkins et al., 2011), many of which are hunted by the native 
Makushi and Wapishiana Amerindians populations for food (see Read et al., 2010). The Makushi 
and Wapishiana live in 25 legally-titled2 Amerindian communities (Figure 4.1), relying heavily on 
the forests and savannahs around them for subsistence (David et al., 2006; Read et al., 2010).  
 
4.2.3 The Rupununi Land Tenure Classes and Implications for Resource Management  
The study area hosts four (4) primary land tenure classes: titled Amerindian communities, 
protected areas, State-owned property and private property. Tenure to lands for Amerindians has 
increased over the past decade or so. Tenure may be granted to a group of more than 150 
Amerindians who have occupied an area of land for more than 25 years if they in conjunction with 
                                                          
1 Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) was 
developed jointly by the Ministry of Economy, Trade, and Industry (METI) of Japan and the United States National Aeronautics 
and Space Administration (NASA).  
  
2 The Amerindian Act 2006 defines an Amerindian community as a group of Amerindians occupying a portion of land to which 
they have been granted legal title by the State. In this sense, the count of villages in the study area only includes legal communities 
and does not account for those functional communities that may fall under the purview of a titled community.  Culturally, satellite 
villages start as farming areas or as a group of people moving away to maintain the customary sparse housing patterns observed in 
most communities, but generally remain connected to their mother communities. In this regard the Rupununi landscape consists 
many more than twenty-five groups of people living in communal arrangements.  
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the Ministry of Amerindian Affairs lodge a formal application to the State for such lands 
(Amerindian Act, 2006). Once granted, titled lands are held communally and communities have 
all authority over the management of above-surface resources and controls access to their lands by 
non-community members (Amerindian Act, 2006). This means that in the case of exploiting 
forestry resources (including multiple-use species), for example, each community has sovereignty 
over such resources can decides on forest management principles independent of national level 
forest management guidelines or those of their neighbors. The situation is very different for gold 
mining however, where the State holds authority over sub-surface resources. But communities not 
holding title, such as Village 1 (Figure 4.1) are occupying State-owned lands, and are guaranteed 
traditional use rights to natural resources (State Lands Act, 1952) within their community, but 
legally land-use on such areas are regulated by the State.  
 
Two protected areas exist in the study area: IIC and KMPA (Figure 4.1). The 100 million acres 
IIC was established in 1996 (Iwokrama International Centre For Rain Forest Conservation and 
Development Act, 1996) to demonstrate that tropical forests can be sustainably utilized. The IIC 
is divided into two zones: the Sustainable Utilization Area (SUA) and the Wilderness Preserve 
(WP); with legal logging permitted and currently ongoing in the SUA (Figure 4.1). The KMPA 
was gazetted in 2012, and like the IIC, indigenous peoples living adjacent to its boundaries may 
continue traditional activities within the protected area. KMPA is classified as category 6 under 
the International Union for the Conservation of Nature (IUCN) classification system 
(Environmental Protection Agency (EPA), 2009), prohibiting commercial resource extraction.  
Authority over State-owned and lease lands is held by the Guyana Lands and Surveys Commission 
(GL & SC) which determines land-use policy, including whether an area of national territory is 
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suitable for logging, mining, agriculture or other activities. When logging is deemed the most 
suitable use of State forests, the GL & SC turns over management responsibility to the Guyana 
Forestry Commission (GFC) where activities must subscribe to the Code of Practice for Timber 
Harvesting (GFC, 2002). In the event that gold mining is permitted on State-owned property, as 
occurs in the Marudi Mountains adjacent to Village 1 (Figure 4.1), such activities are regulated by 
the Guyana Geology and Mines Commission (GGMC). The GGMC is yet to develop guidelines 
for tree removal during gold mining, but have begun to implement various codes for environmental 
management and restoration in mining (for example Guyana Geology and Mines Commission, 
2010).   
 
Some private land holdings are also found in the border town between Guyana and Brazil - Lethem. 
These holdings are relatively small, but Lethem is the administrative center of the study area and 
hosts local offices of the GL & SC, GGMC and GFC. There are also settlements, with sizeable 
non-Amerindians populations from coastal Guyana, with lease holdings of around 10 acres in the 
vicinity of Villages 14 and 19 (Figure 4.1). These holdings are different from Amerindian titled 
lands as land-use activities regulation is the responsibility of the State. Further, the savannah 
regions of the study area host a number of cattle ranches, large-scale rice and cassava farms, 
activities that are also regulated by the State. For the purpose of this chapter, and the analysis of 
multiple-use tree distributions across land tenure classes, the two protected areas (IIC and KMPA) 
are discriminated from each other by the presence of logging activity. The IIC is referred to as 
“Protected Area (Logging Permitted)”, while the KMPA is referred to as “Protected Area (No 
Logging)”. The distribution of trees on privately-owned lands was not considered in this Chapter.  
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4.2.4 Selection and Sampling of Multiple-Use Tree Species   
Seventeen (17) multiple-use tree species with abundance greater than 50 were used in this analysis. 
The seventeen species provide NTFPs for Amerindians, food for hunted and unhunted wildlife and 
are commercially logged. Full details on the multiplicity of uses associated with each species are 
provided in Chapter 2. Species distribution data for the seventeen species were collected from 
fourteen study sites: twelve Amerindian communities and two unhunted controls (Figure 4.1). A 
center point was established for each study site, from which two distance zones, near (0 - 6 km) 
and far (6 - 12 km), were set up (see Read et al., 2010 for more details on establishment of study 
sites). Eight randomly-located 4-km long transects were established using random bearings, four 
each in the two distance zones and at a minimum of 3 km apart. In the rare instances where 
transects ran into a barrier (e.g. cliff or water body) that made sampling unsafe, the transect was 
diverted 900 to the right to complete its 4-km length. Despite using the center of Amerindian 
villages to establish transects, their eventual locations and outlay resulted in transects covering all 
four land tenure classes (see Section 4.2.3). Trees were inventoried between July to December, 
2008, with all trees greater than 25 cm diameter-at-breast-height (dbh) within a 10-meter belt 
transect included. The location along transects, both distance along a transect and the distance 
away from a transect’s imaginary center line, were noted and later mapped in a GIS (see Chapter 
2). During sampling, trees were identified to a common name and later referenced to a botanical 
name (species or genus) using the literature. As discussed in Chapter 2, the multiplicity of uses 
associated with each species was determined using Traditional Knowledge (TK; Parrotta and 
Trosper, 2012; Posey, 1992) and the literature (primarily Forte, 1996; Roosmalen, 1980, van 
Andel, 2000).  
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4.2.5. Distribution of Multiple-Use Species by Forest Type and Land Tenure Classes  
The distribution of the seventeen multiple-use species by forest type was assessed using the 
vegetation map developed in Chapter 3 (see Figure 3.2; Table 3.2). Makushi and Wapishiana 
Amerindian hunters described vegetation along transects and these data were used to drive the 
classification of a merged mosaic of Landsat imagery and ASTER DEM. Six main forest types 
were depicted in the map and used to intersect the distribution of multiple-use species and  
determine species abundance relative to each forest type.  
 
The distribution of the seventeen multiple-use species relative to land tenure classes within the 
study area was determined in a GIS environment. GIS data of Amerindian titled lands were 
obtained from the GL & SC while data of the two protected areas - IIC and KMPA -were obtained 
from IIC and Conservation International (Guyana), respectively. Mapped data of trees were 
intersected with land tenure data and used to determine distribution and abundance of multiple-
use species by each land tenure class. When GIS analysis suggested a tree was not associated with 
a protected area or Amerindian titled land, it was assumed and confirmed through visual analysis 
to be distributed in State-owned lands.  
 
4.2.6. Significance of Vegetation and Land Tenure in Tree Distributions 
The abundance of multiple-use trees per hectare across land tenure classes and forest types were 
tabulated and compared. Species with abundances greater than five individuals (n >5) per forest 
type and land tenure combination were compared using a Kruskal-Wallis test, as the data were not 
normally distributed, using the pgirmess package in R for Windows version 12.2.11 (R Core 
Development Team, 2012).  
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4.2.7. Size-Class Distribution by Forest Types and Land Tenure Classes 
For species with a minimum of five individuals in each forest type and each land tenure class, size-
class distribution curves were completed and examined for likeness to the reverse-J curve. The 
curves were compared by species to determine whether noticeable differences in size-class 
distributions existed, and used to make inferences on population structure and implications for 
species sustainable management.  
 
4.2.8. Spatial Distribution By Forest Type and Land Tenure Class 
The spatial distribution of a species portrays information on the health of habitats and can be used 
to make inferences on whether that species may be exploited or used as a resource (Wiegand et al. 
2007). Whether distribution is patchy, aggregated or dispersed co-determines how that species 
uses resources, how it is used as a resource, and how it reproduces (Condit et al. 2000). The 
patterns of spatial distribution of species have been gaining increasing attention in ecology in 
recent times (e.g. Dale, 1999; Levin, 1992; Liebhold and Gurevitch, 2002; Turner, 1989). 
Variation across land tenure classes and forest types will provide insights into the well-being of 
species and whether a species will be liable to exploitation within a forest type or land tenure class. 
The location of trees were used to examine the spatial distribution relative to forest types and land 
tenure classes using a Getis-Ord General G clustering algorithm in ArcGIS 10.1 at the study area 
scale. The test provides insights into whether the distributions of species differ significantly from 
spatial randomness. Clustering will suggest that a species may be more predisposed to exploitation 
within a forest type or land tenure class.    
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4.3. RESULTS 
4.3.1. Forest Types and Multiple-Use Species Distributions 
Most of the seventeen species were distributed in SFM, and LHF forest types (Figure 4.2). These 
two forest types include areas where Amerindians actively practice swidden agriculture, hunt and 
gather NTFPs as observed elsewhere in the Neotropics (e.g. Huber and Zent, 1995). Therefore, 
should logging occur within these forests, there is a high probability that conflicts over resource 
use may arise between Amerindian traditional activities and resource extraction. For each species, 
the relationship with forest type is presented in Table 4.1 in alphabetical order of their common 
names, and normalized by the area of each forest type sampled (trees per hectare).  
 
Figure 4.2: The Distribution of the Seventeen Multiple-Use Species by Forest Types  
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Table 4.1: Forest types associated with the distribution of the seventeen multiple-use species and 
the number of trees observed per hectare. 
  
Asepoko (Pouteria guianensis) trees were distributed mainly in Lowland High Forest, but were 
distributed in all six forest types. Barakaro (Ormosia spp.) trees were associated with five of the 
six forest types and principally within the SFM (54%). Baromalli (Catostemma commune), the 
second most abundant species in the sample (Table 4.1), were distributed in five of the six forest 
types, but mainly between LHF (36.7%) and SFM (35.8%). Bulletwood (Manilkara bidentata) 
trees were distributed in five of the six forest types with the majority of trees distributed between 
LHF (38.3%) and SFM (33.4%).  
 
Species (common name, abundance) SFM LHF LMF UHF ULF MMF 
Pouteria guianensis (Asepoko, 381) 2.6 4.4 7.7 3.8 1.1 7.8 
Ormosia spp. (Barakaro, 190) 3.5 1.4 1.8 2.2 - 0.5 
Catostemma commune (Baromalli, 
1653) 
20.1 28.0 7.6 7.7 - 28.5 
Manilkara bidentata (Bulletwood, 
1091) 
12.4 19.3 9.3 7.5 - 10.6 
Parinari campestris (Burada,1196) 26.6 11.7 4.7 5.8 - 2.0 
Carapa guianensis; C. procera 
(Crabwood, 431) 
4.9 3.8 0.4 1.7 - 19.4 
Chlorocardium rodiei (Greenheart, 
248) 
5.7 3.7 - - - - 
Pachira spp. (Kanahia, 361) 6.2 5.3 1.7 2.0 - 1.6 
Licania alba; L. majuscula (Kautaballi, 
795) 
9.9 11.9 12.2 3.4 - 7.8 
Pouteria cuspidata  (Kokoritiballi, 
312) 
0.9 1.7 4.4 9.6 12.1 4.5 
Protium decandrum (Kurokai, 358) 1.6 2.9 11.3 6.3 1.1 3.4 
Hymenaea courbaril (Locust, 104) 0.1 0.2 2.1 4.4 1.1 0.5 
Inga alba (Maporakon, 414) 2.0 5.3 4.6 3.0 - 16.6 
Lecythis zabucajo (Monkey Pot, 278) 2.4 1.2 0.6 2.2 1.1 15.5 
Mora excelsa (Mora, 2193) 25.9 48.2 6.2 10.1 - 18.4 
Humiria balsamifera (Tauroniro, 344) 8.7 2.8 0.7 1.1 - 0.1 
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The majority of Burada (Parinari campestris) trees were distributed in the SFM (65.5%), and 
LHF (21.2%). Cowwood (Bagassa guianensis) were distributed mainly between three forest 
types: SFM (25.8%), LHF (27.42%) and UHF (24.1%). A small majority (34%) of Crabwood  
 (Carapa guianensis; C. procera) trees were distributed in the MMF, but an almost equal 
proportion were distributed in the SFM (33.4%) and a further 19% in the LHF. Greenheart 
(Chlorocardium rodiei) trees on the other hand, were distributed between two forest types, the 
majority in the SFM (68%) and the remainder in LHF. It should be noted that this species was 
only observed at two study sites (Village 3 and Control 4).  
 
Kanahia (Pachira spp.) trees were found primarily in the SFM (51%) and LHF (32%).  
Kautaballi (Licania alba; L. majuscula) also has the majority of trees distributed in the SFM 
(36.6%), with LHF (32.5%) and LMF (15.6%) being the other main forest types with which this 
species was associated. Kokoritiballi (Pouteria cuspidata) were observed in all six forest types, 
with most (50%) distributed in UHF and 14% in the LMF. Kurokai (Protium decandrum) trees 
were distributed in five of the six forest types, with 60% distributed between LMF (32%), and 
UHF (28%). The remaining trees were distributed in the SFM (13.4%), LHF (17.6%), and MMF 
(8.4%).  
 
Locust (Hymenaea courbaril) trees were observed mainly in the UHF (68.3%) and LMF (20%). 
Maporakon (Inga alba) trees were distributed in five of the six forest types with 35.5% observed 
in MMF, and 27.5% in the LHF. In contrast, Monkey Pot (Lecythis zabucajo) trees were 
associated mainly with two forest types; MMF (49.6%) and SFM (25.2%). Mora (Mora excelsa) 
was decidedly associated with forest types that experience seasonal flooding     with eighty-two 
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percent of trees distributed in SFM. Similarly, Tauroniro (Humiria balsamifera) trees were 
distributed primarily in SFM (75%) with the remainder in Lowland High Forest (17.7%). Most 
of the multiple-use species were distributed across at least five of the six forest types, but the 
majority were distributed between the SFM, LHF and LMF.  
 
4.3.2. Distribution of Multiple-use Species by Land Tenure Classes 
The majority of trees (56%) were distributed on Amerindian titled lands. A further 27% were on 
State-owned and leased lands (27%; Table 4.2), 13% in the Protected Area (no logging) and the 
remainder in the Protected Area (logging permitted). The overall pattern showed that species 
distribution straddled multiple land tenure classes, however, most species were concentrated on 
Amerindian lands and this was not surprising as the sampling regime was centered on Amerindian 
villages (Figure 4.1). Figure 4.3 illustrates the distribution of Bulletwood (Manilkara bidentata), 
Cowwood (Bagassa guianensis) and Tauroniro (Humiria balsamifera) straddling multiple land 
tenure classes. The distribution of the remaining 14 species by land tenure class (and forest types) 
are provided in Appendix 4. It should be noted, as shown in Table 4.2, that not all seventeen species 
were sampled in each land tenure class, but that in some instances, for example for Catostemma 
commune, Chlorocardium rodiei, Protium decandrum and Mora excelsa, there was a higher 
density of trees in Protected Area (some logging) when compared to Amerindian Titled Land. 
Similarly, some species, for example Pouteria guianensis, Manilkara bidentata, Parinari 
campestris, Pouteria cuspidate, Protium decandrum and Hymenaea courbaril  had higher densities 
on State-owned lands where they may be subject to commercial logging, that on Amerindian lands.  
The overall distribution of trees is normalized by the area (hectares) sampled in each land tenure 
class and expressed as the number of trees observed per hectare in Table 4.2.  
158 
 
 
 
Table 4.2: Land tenure classes associated with the distribution of the seventeen multiple-use 
species and number of trees observed per hectare.  
Species (common 
name, abundance) 
Amerindian Titled 
Land 
Protected Area 
(some logging) 
Protected Area (no 
logging) 
State-owned 
Lands 
Pouteria guianensis 
(Asepoko, 381) 
4.0 0.0 5.0 4.6 
Ormosia spp. 
(Barakaro, 190) 
2.2 0.8 0.1 2.4 
Catostemma commune 
(Baromalli, 1653) 
17.8 38.0 21.4 13.7 
Manilkara bidentata 
(Bulletwood, 1091) 
11.9 2.3 9.3 13.5 
Parinari campestris 
(Burada, 1196) 
14.1 3.8 1.9 14.9 
Bagassa guianensis 
(Cowwood, 431) 
1.3 0.0 1.3 1.6 
Carapa guianensis; C. 
procera  
(Crabwood, 248) 
5.8 5.5 1.9 3.0 
Chlorocardium rodiei 
(Greenheart, 361) 
2.5 27.5 0.6 0.0 
Pachira spp. 
(Kanahia, 795) 
4.7 0.0 0.6 3.7 
Licania alba; L. 
majuscula 
(Kautaballi, 312) 
7.9 3.5 12.8 9.3 
Pouteria cuspidata  
(Kokoritiballi, 312) 
1.3 0.5 3.9 7.7 
Protium decandrum 
(Kurokai, 358) 
3.0 4.5 5.9 4.9 
Hymenaea courbaril 
(Locust, 104) 
0.3 0.0 0.0 3.2 
Inga alba 
(Maporakon, 414) 
5.0 0.8 5.6 3.6 
Lecythis zabucajo 
(Monkey Pot, 278) 
3.8 1.0 0.9 2.3 
Mora excelsa (Mora, 
2193) 
18.3 30.8 97.3 14.6 
Humiria balsamifera 
(Tauroniro, 344) 
5.0 1.3 0.0 2.5 
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Figure 4.3: The distribution of three multiple-use species by forest types and tenure classes.  
 
Names of species depicted are shown on the map.  
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4.3.3. Significance of Vegetation Type and Land Tenure in Tree Distribution 
Seven species met the requirement of having a minimum abundance of five individuals in each 
forest type and land tenure class (Tables 4.1 and 4.2). The distribution of the seven species is 
presented in Figure 4.4. Kruskal-Wallis tests suggested that significant differences in abundance 
existed for the seven species across forest types (p<0.005). Pairwise comparison of vegetation 
types suggested significant differences between SFM and LHF; LHF and MMF; LMF and MMF; 
and UHF and MMF. The analysis of abundance across land tenure classes also suggested that 
significant differences existed (p <0.005) between classes. Specifically, the pairwise comparison 
suggested differences existed between Amerindian Titled Lands and Protected Area (No 
Logging); State-owned lands and Protected Area (No Logging) and; Protected Area (No 
Logging) and Protected Area (Logging Permitted). Comparison of vegetation types suggested 
significant differences between SFM and LHF; LHF and MMF; LMF and MMF; and UHF and 
MMF.  
 
4.3.4. Size-class Distribution by Forest Type and Land Tenure Classes  
Seven species were used to compare size-class distributions to illustrate the different responses 
for forest type and tenure classes (Figure 4.5), with all but Carapa guianensis (4 individuals in  
LMF) having at least five individuals across forest types and tenure classes.  As in Chapter 2, it 
should be noted that smaller trees (dbh <25 cm) were not sampled, and the size-class curves are 
treated as initial probes. Data for UHF were eliminated from this analysis (as Table 4.1 shows) 
because trees had limited distribution in this forest type. Overall, the size-class curves suggested 
variability both between forest types and land tenure classes. However, the greater variability in 
the curves to the likeness of reverse-J was observed among land tenure classes. Samples taken 
from the Protected Area (Logging Permitted) had curves that showed greater deviation from the 
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Figure 4.4: Top: Distribution of Seven Multiple-use Species within Land Tenure Classes 
Bottom: Distribution of Seven Multiple-use Species by Forest Types 
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reverse-J, compared to the other tenure classes. This was perhaps a function of sample size as 
sampling effort was lowest in Protected Area (Logging Permitted), while Amerindian titled lands 
where larger samples were obtained generally had curves with stronger likeness to the reverse-J. 
The size-class curves for Catostemma commune (Baromalli) across forest types all had strong 
likeness to the reverse-J. Smaller trees dominated the sample, as expected, but in the LMF, trees 
larger than 75 cm dbh were absent. The size-class curves for C. commune across land tenure 
classes were noticeably different with no trees in the Protected Area (Logging Permitted) beyond 
the 55 cm dbh; this was in contrast to other tenure classes where trees were observed up to 85cm 
dbh. This observation may be a function of sample size, and the fact that the sampling regime 
centered on Amerindian lands. Nevertheless, it appears to signal an area for future work, and 
perhaps justification for a larger study within the Protected Area (Logging Permitted) for this 
species to determine whether population is responding to logging impacts. As C. commune is a 
major timber species (Polak, 1992), this finding may suggest that larger trees have been 
harvested from these forests.  
 
Manilkara bidentata’s size-class curves showed a wide variation in likeness to the reverse-J 
curve across forest types. There was stronger likeness in SFM, LHF, LMH and MMF forests, 
while UHF UHF deviated from the reverse-J. With the exception of UHF and LMF, samples 
were dominated by trees between 45 cm dbh to 85 cm dbh. This suggested the presence of seed 
trees in these forest types, but perhaps indicates that recruitment is being compromised across 
forest types. Across tenure classes, only the sample on Amerindian lands followed the classical 
reverse-J curve. The sample taken from the Protected Area (Logging Permitted) was small (n=9) 
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Figure 4.5: Size-class distribution curves for: Catostemma commune, Baromalli; Manilkara bidentata, Bulletwood; Parinari campestris, 
Burada; Carapa guianensis, C. procera, Crabwood; Mora excelsa, Mora; Licania alba; L. majuscula, Kautaballi; and Protium 
decandrum, Kurokai). x-axis=size classes (cm); y-axis = number of trees. 
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and showed deviation from the reverse-J curve but is too small to make conclusions on population 
structure. Sample size was perhaps less responsible for the deviation in likeness to the reverse-J 
noted in the forests of the Protected Area (No Logging) where smaller trees were noticeably absent. 
Similarly, despite a stronger likeness to the reverse-J on State-owned Lands, there was an absence 
of smaller trees. Overall, there was an absence of smaller Manilkara bidentata trees in the sample.  
 
The size-class curves for Parinari campestris also varied across forest types. The MMF had the 
smallest sample, and the most noticeable deviation from the reverse-J, but the size-class curves for 
the other vegetation types showed strong likeness to the reverse-J. With the exception of the 
Protected Area (No Logging), the size-class curves for land tenure classes all had strong likeness 
to the reverse-J. The size-class curves for Carapa guianensis varied across forest types, with 
likeness to the reverse-J varying widely (with the exceptional case of LMF where only four trees 
were present and hence ignored for further analysis).  There was a notable weaker fit to the reverse-
J in UHF with smaller trees absent, but SFM, LHF and MMF had strong likeness to the reverse-J. 
Across land tenure classes, the size-class curves had strong likeness to the reverse-J curves, with 
the exception of State-owned forests, where smaller trees did not dominate the sample.  The size-
class curves for Mora excelsa also varied across forest types, with greater likeness to the reverse-
J in SFM, and widest deviation from the reverse-J in LMF. The smaller sample in the LMF was 
likely responsible for lack of likeness to the reverse-J. Smaller trees did not dominate the samples 
in the various land tenure classes, with only the sample from Amerindian lands approaching the 
classical reverse-J curve. However, samples from the other land tenure class did not vary widely 
in their likeness to the reverse-J curve.   
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The size-class curves for Licania alba; L. majuscula (Kautaballi) within all forest types showed 
strong likeness to the reverse-J. The situation was very similar across tenure classes, with only the 
smaller sample taken from the Protected Area (Logging Permitted) showing deviation from the 
reverse-J, but all other samples had strong likeness to the reverse-J. All trees observed in the 
Protected Area (Logging Permitted) were below 55 cm, with the other land tenure classes (and all 
forest types) having trees with a minimum of 75 cm dbh. The size-class curves for Protium 
decandrum all had strong likeness to the reverse-J both across forest types and land tenure classes. 
However, the smaller samples obtained from the two protected areas lacked smaller trees.  
 
Overall, the size-class distribution of these seven species varied both across forest types and land 
tenure classes. The size-class curves for forest types had a stronger likeness to the reverse-J for 
the SFM, LHF and MMF and these forest types dominated the forested landscape. There was a 
wide variation in size-class curves, however, when land tenure classes were considered. Stronger 
likeness to the reverse-J were noted on Amerindian titled lands and State-owned lands, with 
more deviation from the reverse-J in the Protected Area (Logging Permitted) and Protected Area 
(No Logging).  
 
4.3.5. Spatial Distribution: By Forest Type and Land Tenure Classes  
Distribution by forest type, considering all seventeen multiple-use species, suggested clustered in 
all but ULF where a random pattern was observed (p=0.23, z=1.2). However, the intensity of 
clustering varied across forest types, with four forest types (SFM (p<0.05, z=22.9), LHF (p<0.05, 
z=20.9), LMF (p<0.05, z=7.7) and UHF (p=0.043, z=2.02)) all showing significantly high clusters 
of the 17 multiple-use species. The species were observed in low clusters in MMF (p<0.05, z = -
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5.48). Across land tenure classes spatial distribution patterns of the seventeen species had a low 
clustering on State-owned Lands (p = 0.046, z=199), but high clustering within the Protected Area 
(Logging Permitted) and Protected Area (No Logging), and Amerindian Titled lands (p<0.005; 
z=8.39, 5.1 and 8.77, respectively). The results of the analyses for individual species spatial 
distribution patterns by land tenure classes are not reported in this study. However, there was 
variation in clustering from species to species that was reflective of sample size and scale. In the 
case of Amerindian Titled lands for example, six species (Kokoritiballi, Locust, Greenheart, 
Maporakon, Barakaro, and Asepoko) had distribution patterns that may be classified as random 
(p>0.05), with all others showing significantly clustered distributions (p<0.05).  
 
4.4. DISCUSSION  
4.4.1. Forest Types and Associated Abundance  
As expected, the seventeen multiple-use species were distributed across more than one forest type, 
based on the vegetation map produced in Chapter 3. Given the importance of forest type (accepted 
as synonymous to ecosystem type (Keith et al., (2013)) and identified as critical for understanding 
the distribution of multiple-use species (e.g. Klimas et al., 2007; Peters, 1996), population structure 
and other ecological parameters must be examined by each forest type in a landscape. In this study, 
the results (Table 4.1) not surprisingly showed that most species were associated with forest types 
within which indigenous peoples farm, hunt, gather and live (Figure 4.2) that is, the SFM and LHF. 
Commercial logging efforts will most likely target trees in these forest types as species are 
aggregated here. As a result, there is a likelihood for resource use conflicts. The size-class plots 
(Figure 4.5) suggest that logging in other forest types will likely have adverse effects on more than 
one species. However, since this study considered more than one multiple-use species across forest 
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types, and size-class curves varied by species from one forest type to another, it is difficult to pin-
point any one species that may be at greater risk from overexploitation than another. However, 
given that most Amerindian livelihood activities occur in SFM and LHF forest types, and that trees 
of interest to loggers are concentrated in these forest types, the potential for resource-use conflict 
appears likely.  
 
Further, the patterns of abundance for the seventeen multiple-use species showed that some species 
are more common than others. It may be necessary, upon examining the results of Table 4.1, to 
develop a scale for explaining species abundance relative to descriptions of abundance in the 
literature (for sample Roosmalen, 1985; Polak, 1992). While species such as Mora (Mora excelsa), 
Bulletwood (Manilkara bidentata), and Crabwood (Carapa guianensis; C. procera) were 
observed in high numbers than others, their vulnerability to overexploitation, and by extension the 
impacts of their overexploitation on other species may be masked. Developing a scale can 
potentially  allow for abundance to be compared across forest types while taking factors such as 
market demand for logging of a species into consideration. A scale of abundance will probably 
add more relevance in assessing risk to species that occur in lower numbers in the sample, and 
elsewhere, providing a better sense of where a species may be vulnerable to overexploitation and 
informing logging policy on such species.  
 
4.4.2  Multiple-Use Species Distribution by Land Tenure Classes 
Unlike the distribution of species by forest type, distribution by land tenure classes provided an 
indication of where within the landscape a species and ecological processes, such as seed 
dispersion, may be at greater risk. An expected product of my sampling regime was the 
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concentration of species on Amerindian titled and State-owned lands (Table 4.2). While logging 
in both of these tenure classes will have impacts on species abundance, logging within Amerindian 
titled lands will conflict with Amerindian traditional activities. Within the context of the Rupununi 
study area, logging on State-owned lands will have impacts on the ecological processes that 
transcends Amerindian and State-owned lands. For example, logging of species that provide food 
for wildlife on State-owned lands, will likely force wildlife onto Amerindian titled lands and other 
adjacent areas to access food and avoid disturbance. As a consequence if Amerindian communities 
are attempting to protect species of wildlife and plants within their lands, exploitative activities on 
State-owned lands may compromise such efforts as wildlife for example, will be restricted into 
space for activities such as seed dispersal. On the other hand, an increased density of wildlife on 
Amerindian lands, forced by decisions on State-owned lands, may lead to increased hunting, 
further compromising critical ecological processes.   
 
The distribution of species across tenure boundaries, therefore raises concerns for the ecology of 
multiple-use species. Generally, ecologists avoid political, economic, and social issues in arriving 
at their conclusions (see Peters, 1996; Sheil and van Heist, 2000). This is despite ecological 
processes, especially those relating to sustainable forest management (see Vandermeer and 
Perfecto, 1995), do not occur in isolation of political, social and economic issues. Given that each 
land tenure class imposes a different ideal on resource management, efforts aimed at studying and 
modeling ecological processes as it relates to multiple-use species management in diverse 
landscapes need to consider land tenure classes and their implications for sustainable species 
management.  
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4.4.3. Forest Type or Land Tenure?  
This paper asked the question, “what is the most appropriate frame of reference for assessing 
ecological parameters?”, in particular as it relates to multiple-use species management. Should 
scientists focus on forest types, or tenure classes? Based on my results, Figure 4.4, and the sample 
of species, it appears that both frames of references are relevant depending on the contexts within 
which multiple-use species management is considered. At the wider landscape-scale, with high 
landscape diversity, assessing ecological parameters, such as abundance and size-distribution, may 
provide more meaningful insights if tenure classes is the frame of reference. In cases where only 
one tenure class is considered however, then forest type may provide a better frame of reference 
for understanding ecological parameters. However, using forest type has the associated risk of 
dealing with the difficulties of defining what is meant by forest type. Keith et al. (2013) 
acknowledged that ecosystems themselves, and their boundaries may be fluid and difficult to 
define, a similar dilemma as noted for forest type by de Granville (1988) and Prance (1979). In 
cases where more than one multiple-use species is considered, and where issues such as the 
archipelago syndrome (Stocks, 2005) are relevant, then tenure class may provide greater insights 
into species’ well-being within the landscape.  
 
4.4.4. Management Options: Insights from Size-Class and Spatial Distributions 
Considering more than one multiple-use species in my analysis was critical. Focusing on a few 
well-known species (see examples in Klimas et al., 2007; Klimas et al., 2012; Majeed et al., 2009) 
only provide conclusions and recommendations relevant to the species of interest.  When more 
than one species is considered however, a more comprehensive appreciation of the complexities 
associated with multiple-use species management begins to emerge. As Figure 4.5 shows, the 
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population structures of the seven species varied from one forest type to another and indeed from 
one land tenure class to another. The size-class curves are a function of sample size, but they do 
provide insights into how the various species differ in their ecological well-being (Peters, 1996) 
from one class to another. When one species is considered, then chances exist that exploiting such 
a resource may have little ecological risk. However, through the consideration of more than one 
species, the potential implications of the impact of exploitation on more than one species is better 
appreciated, indeed on how exploiting one species may impact another. Since more than one 
multiple-use species exists (see Chapter 2) in tropical landscapes, future work must consider a 
wider group of species and what their protection and or exploitation will mean for the conservation 
and management of the ecosystem services they provide. Further, most recent studies on multiple-
use species management in tropical forests were restricted to narrow geographical ranges and land 
tenure classes (e.g., Klimas et al., 2007; Mwavu and Witkowski, 2007). Given the current 
theoretical debates over the merits of timber versus NTFP extraction (Guariguata et al., 2008) from 
tropical forests and the landscape diversity typical of tropical settings, future studies need to 
consider a wider range of tenure arrangements in making management recommendations.  
 
4.5. CONCLUSIONS 
The work of Peters (1996) and others such as Klimas et al., (2006; 2012a; 2012b) have set out 
important parameters for the management of multiple-use trees species. Clearly identifying the 
multiplicity of uses associated with a species, population structure, life cycle characteristics and 
distribution across forest types are important steps in gauging appropriate responses for species 
management. My assessment suggests, however, that a broader view of threats to multiple-use 
species is required. In settings where species management is being considered at a landscape-scale, 
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landscape diversity as defined by the number of land tenure classes is critical for developing 
mechanisms for sustainable species management. As the approach to multiple-use species 
management may differ from one land tenure class to another, so too may the threats presented to 
multiple-use species. Therefore, I suggest that the scale within management is being envisioned is 
critical for determining the appropriate actions to be taken to ensure species sustainability.  This 
paper suggests that in cases where species are studied at the landscape-scale, tenure class should 
be considered first, followed by forest type, in measuring ecological parameters such as size-class 
distribution of multiple-use species. As such, future analysis of tropical forests and the threats 
directed at them needs to take the diversity of the tropical landscapes into account. While forest 
types may straddle land tenure classes, the threats to resources may not, so tenure class appears a 
better lens for viewing and appreciating threats to multiple-use species.   
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APPENDICES 
 
Appendix 4a: The distribution of multiple-use species by forest types and tenure classes. Names 
on species depicted are shown on the map. 
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Appendix 4b: The distribution of multiple-use species by forest types and tenure classes. Names 
of species depicted are shown on the map. 
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Appendix 4c: The distribution of multiple-use species by forest types and tenure classes. Names 
of species depicted are shown on the map.
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Appendix 4d: The distribution of multiple-use species by forest types and tenure classes. Names 
of species depicted are shown on the map. 
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 Appendix 4e: The distribution of multiple-use species by forest types and tenure classes. Names 
of species depicted are shown on the map. 
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CHAPTER 5: ASSESSING THE FACTORS INFLUENCING THE DISTRIBUTION AND 
PRESENCE OF HERBIVORES KEY TO THE LIFE CYCLE STAGES OF NORTHERN 
AMAZONIA’S MULTIPLE-USE PLANT SPECIES 
 
ABSTRACT  
Herbivores play critical roles in tropical forests including dispersing fruits and seeds while 
providing protein for forest dwelling peoples. The absence of herbivores, is symptomatic of 
ecological risk, and has implications for the life cycle of multiple-use plant species. The presence 
of herbivores, hunted and unhunted, critical for dispersing seeds of multiple-use plants species in 
a forest-savannah biome of Southern Guyana was assessed. Recent studies within the study area 
were reviewed to gain insight into the status of herbivores. In addition, the abundance of the 
unhunted Guianan red-faced spider monkey (Ateles paniscus paniscus) was modeled relative to 
environmental variables to determine factors influencing their distribution. The literature 
suggested that native herbivores are being detected within the study area, and established 
baseline conditions for understanding future population changes of key herbivores. A Poisson 
model suggested that forest type, food source diversity, moisture and vegetation vigor, 
significantly influence the abundance of spider monkeys which followed an ideal free 
distribution (IFD). Higher spider monkey populations were found in areas with higher presence 
of multiple-use plant species, which may be vulnerable to logging and changes in land use and 
land cover. Results suggested that the removal of food sources must be monitored for the 
conservation and management of spider monkeys and other herbivores, thereby safeguarding the 
life cycle of multiple-use species.  
Keywords: ideal free distribution, multiple-use species, herbivores, spider monkeys, life cycle 
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5.1. INTRODUCTION  
Tropical forests support high levels of biodiversity (Green et al., 2013; Joppa and Pfaff, 2011; 
Pimm et al., 2001), yet are continuously being lost as human activities expand within them 
(Dirzo and Raven, 2003; Vitousek et al., 1997). The consequences of forest loss are manifold, 
including a reduction in their inherent ecological functions and services (Cardinale et al., 2012; 
Jorge et al., 2013). As a major part of the native biota of tropical ecosystems, plant and wildlife 
species are involved in various ecological processes (Keith et al., 2013). These ecological 
processes include wildlife dispersing fruits and seeds thereby helping to maintain ecological 
well-being (Peters, 1996; Marquis, 2005; Fragoso, 2005) and high species richness characteristic 
of tropical forests (Connell, 1971; Janzen, 1970; Marquis, 2005). Further, wildlife are hunted by 
forest dwelling peoples for food (e.g., Levi et al., 2011; Read et al., 2010; Weinbaum et al., 
2013). Moreover, as primary producers, many tropical plant species are multiple-use in nature; 
that is, they provide food for herbivores, and support traditional and commercial human activities 
(e.g. Forte, 1996; van Andel, 2000) including the provision of medicines and building materials. 
The interactions between native biota and how these are compromised by human activities have 
received significant attention in the literature (e.g. Burslem et al., 2005), but many aspects 
remain poorly understood. Well established, however, is that the presence of herbivores that are 
critical to the life cycle stages of multiple-use plant species (Figure 5.1) ensures their 
sustainability (Peters, 1996).  Detecting such herbivores, understanding their status and the 
factors that influencing their presence will provide insights into whether risks to the life cycle 
stages of multiple-use plant species exist. 
 
Directly mapping ecological processes in Neotropical forests is not yet feasible, but an  
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Figure 5.1: Generalized life cycle diagram of a plant population.  
 
Adapted from Peters (1996).  
Note: Height of size−class boxes indicates the relative abundance of individuals at each stage. 
Reproductive processes in which animals play an important role are marked with an asterisk. The 
pre−reproductive phase of the life cycle is represented by seeds (s0), seedlings (s1), saplings (s2 and s3), 
juveniles (s4) and 5-10 cm dbh (s5), and adults 10-15cm dbh (s6), 15-20 cm dbh (s7) and >20cm dbh 
(s8).  
 
alternative is to map surrogate species that represent ecological interactions (Jorge et al., 2013). 
Surrogates that have been mapped and used to assess threats to ecological processes include 
large carnivores (the jaguar - Panthera onca), and large herbivores (tapir -Tapirus terrestris), 
white-lipped peccaries - Tayassu pecari and ateline primates (Atelidae family; Atelinae 
subfamily) as these play unique ecological roles, are first to disappear due to human activities 
and are easy to detect (Jorge et al., 2013). Ateline primates (four genera – Ateles, Brachyteles, 
Lagothryx, and Oreonax), for example, are responsible for the dispersal of one-quarter to fifty 
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percent of Neotropical forests seeds, most of them large seeds (Russo et al., 2005; Link and 
Fiore, 2006). Like the other surrogates, the presence of ateline primates is highly threatened by 
habitat loss, habitat disturbance and direct persecution (Conforti and de Azevedo, 2003; Peres, 
2000) and are the first to disappear from hunted and fragmented areas (Canale et al., 2012; Peres, 
2000). Because of their key roles in dispersing seeds and fruits, their high vulnerability to human 
impacts, and their relative easiness of detection, the presence of ateline primates are ideal to 
determine whether threats to ecological processes, including the life cycle stages of multiple-use 
plants in Neotropical forests exists.  
 
The threats to the Neotropical ecological processes, including multiple-use plant species and 
herbivores, are wide ranging. Logging, gold mining, farming, non-timber forest product (NTFP) 
extraction (e.g. Klimas et al., 2007; 2012a; 2012b), for example, impact multiple-use plants and 
threaten their sustainability. Similarly, overhunting endangers herbivores (Janzen, 1985; Fragoso 
et al., 2013; Redford, 1992; Smith, 2008). In fact, Peters (1996), in addressing parameters critical 
for sustainable utilization of a multiple-use plant species (see Chapter 1), noted that knowledge 
of which stage of the plant’s life cycle involves herbivores, and the status of such herbivores 
within an ecosystem, is critical. The role of herbivores plants life cycle stages, including insects 
in pollination (see Crawley, 1989 and others in Bernays, 1989) and scatter-hoarders and primates 
in seed and fruit dispersal (Forget and Hammond, 2005; Forget et al., 1999; Fragoso, 2005; 
Pacala and Crawley, 1992; Roosmalen, 1985; Silvius and Fragoso, 2003; Peters, 1996), has been 
extensively studied. But ecologists continue to be intrigued over questions on the factors 
influencing the spatial distribution of herbivores (Morris, 2003). Ecological theories, including 
the optimal foraging theory (MacArthur and Pianka, 1966) and the ideal free distribution (IFD; 
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Fretwell and Lucas, 1969) have emerged to explain animal distributions. The usefulness of these 
theories under various ecosystem structures and conditions has also been extensively examined. 
Milich (2012) for example, in attempting to explain the distribution and feeding behavior of 
female red colobus monkeys between old-growth and logged forest, concluded that the varied 
diet of these primates made the IFD more suited for explaining their distribution than the optimal 
foraging theory.  
 
The IFD assumes that foraging organisms will act to maximize foraging efficiency, have perfect 
knowledge about resource profitabilities, have equal competitive abilities, and that as competitor 
density increases, individual resource intake will decrease (Kennedy and Gray, 1993; Krivan et 
al., 2008). Therefore, the distribution of animals will be directly related to the food content or 
energy sources available within that habitat (Krivan et al., 2008). Studies have reported evidence 
in support of the model (e.g. Milich, 2012) while others suggested that the model assumptions 
need modification (e.g. Virtanen and Crawley, 2010; Jones et al., 2006). Milich (2012) for 
example, showed that red colobus monkeys adjusted their dietary preferences as habitat 
characteristics changed in accordance with IFD.  Habitat characteristic may include both positive 
and negative elements that influence the presence of herbivores (Jones et al., 2006). Positive 
elements include the potential for nutrient intake and water availability, while negative elements 
include the presence of predators or competitors (Crawley, 1983) and hunting pressure. In 
Neotropical settings therefore, multiple-use plants that are food sources for wildlife will 
represent a portion of positive habitat elements, and in the absence of negative elements such as 
hunting will be useful in determining the spatial distribution of herbivores.  
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With the foregoing in mind, this paper, situated in the tropical forest-savannah biome (Read et 
al., 2010) of the Rupununi, Southern Guyana examined three key questions: What is the status of 
herbivores involved in the life cycle stages of multiple-use species within the study area? What 
environmental factors influence the distribution of herbivores? Can the spatial distribution of 
herbivores be explained by ecological models? The specific objective of this paper was to assess 
the presence of herbivores and what factors influence their abundance and distribution across the 
Rupununi study area by reviewing the literature and modeling the distribution of spider monkeys 
relative to environmental variables.  This objective was addressed in two primary ways. First, the 
literature on herbivores within the study area was examined to determine what is reported on 
their presence and status. Secondly, abundance data of the unhunted ateline primate Guianan red-
faced spider monkeys (Ateles paniscus paniscus) were used to determine which environmental 
variable (elevation, vegetation type, moisture, biomass, vegetation vigor and food source 
diversity) best predict their abundance. This objective drew on parts of the biotic and abiotic 
characteristics of the ecosystem concept (Tansley, 1935; Willis, 1997) to determine whether the 
Guianan red-faced spider monkey distribution followed an IFD model. Since spider monkeys are 
not hunted within the study area, if their abundance follows an IFD where positive habitat 
elements including higher abundance and diversity of multiple-use food sources lead to higher 
spider monkey abundances, this may suggest that the life cycle characteristics of multiple-use 
plants are not compromised. Studies on primates in the tropics generally involve scientists 
following groups in their habitats and making note of their activities over long periods (e.g., 
Asensio et al., 2012; Bonnell et al., 2013; González-Zamora et al., 2009; Link et al., 2012; 
Milich, 2012; Nunes, 1996). Here, an alternative approach, where primates were observed by 
indigenous hunters at snapshots in time, was assessed.  
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5.2. METHODS 
5.2.1. Research Design  
This study utilized two approaches to gauge the presence of herbivores in the Rupununi, 
Southern Guyana. First, a review of the literature, published and unpublished, within the past 
decade was used to determine the status of herbivores and which methods were used in their 
detection. The second approach analysed abundance data for the unhunted Guianan red-faced 
spider monkeys collected as a part of a larger study on the interactions among indigenous 
livelihoods, biodiversity dynamics, and environmental constraints in Southern Guyana (Levi et 
al., 2013). Spider monkeys are unhunted, but are listed as vulnerable by the International Union 
for the Conservation of Nature (IUCN) Red List of Threatened Species (iucnredlist.org, 2013), 
meaning that negative habitat elements will be limited to biotic processes and interactions, rather 
than human influences. The abundance of spider monkeys were assessed relative to positive 
habitat elements, namely multiple-use plant species diversity and presence as a measure of 
nutrient potential; moisture as measured by normalized difference water index (NDWI; Gao, 
1996) as a proxy for water availability; basal area as a proxy for biomass of food sources; and the 
normalized difference vegetation index (NDVI; Huete and Jackson, 1987) as a proxy for 
vegetation vigor since spider monkeys consume leaves (Lehman, 2004a). The distribution and 
abundance of spider monkeys relative to these variables will provide insights into their status and 
response to habitat quality, and whether their distribution follow an IFD based on the presence of 
food sources.  
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5.2.2. Study Area 
This study was conducted in the forest-savannah biome (Read et al., 2010) of the Rupununi, 
Southern Guyana (see Figure 2.1) located between 0050’ – 40 49’ N and 56054’ – 59055’ W over 
an area approximately 48,000 km2. The study area’s vegetation is highly variable, broadly 
classified as forest and savannah, but specific descriptions include bush islands, oxbow lakes 
(Jensen-Jacobs and ter Steege, 2001), mountainous forest, seasonally flooded forest, upland and 
lowland forest, savannah, seasonally flooded savannah, and mountainous savannah (see Chapter 
3). Elevation ranges from 30m in savannah regions to around 1100 m (Read et al., 2010) in 
mountainous regions with the Kanuku and Pakaraima Mountains the highest points. The 
Rupununi River flows through the Kanuku Mountains, bisecting the study area into a Northern 
and Southern section (Jansen-Jacobs and ter Steege, 2001). Weather patterns are characterized by 
the longer May-July rainy season which transforms much of the savannah regions into a wetland 
and a shorter rainy season between January and February. The study area is the homeland of the 
Cariban-speaking Makushi and Arawakan-speaking Wapishiana Amerindians (Colchester, 1997) 
who reside in twenty-five legally titled communities (see Figure 2.1) and rely heavily on hunting, 
fishing and swidden agriculture to obtain food. Of the 107 species hunted by Amerindians, seven 
(paca or labba (Agouti paca), agouti (Dasyprocta leporina), white-lipped peccary (Tayassu 
pecari), collared peccary (Pecari tajacu), red brocket deer (Mazama americana), red footed 
tortoise (Chelonoidis carbonaria), and white-tailed deer (Odocoileus virginianus) and the nine-
banded armadillo (Dasypus novemcinctus) account for 69 % of kills (Read et al., 2010).  
 
5.2.3. Status of Herbivory  
5.2.3.1.Herbivores in the Literature 
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Five studies Lehman (2004a; 2004b); Fragoso et al., (unpublished data); Levi et al., (2013) and 
Read et al., (2010) reported on various aspects of the presence of herbivores that are hunted 
(paca or labba agouti, white-lipped peccary, collared peccary, red brocket deer, red footed 
tortoise and white-tailed deer), and unhunted primates (red howler (Alouatta seniculus), Guianan 
red-faced spider monkey (Ateles paniscus), brown capuchin (Cebus paella), wedge-capped 
capuchin (Cebus olivaceus), brown bearded saki (Chiropotes satanas), white-faced saki 
(Pithecia pithecia), golden-handed tamarin (Saguinus midas), and squirrel monkey (Saimiri 
sciureus)) in various parts of the study area. These species are known in the literature (e.g. 
Roosmalen, 1985) and traditional knowledge (TK; Parrotta and Tropser, 2012) to depend on 
multiple-use plants species for food. The studies obtained data on the presence of herbivores 
through direct encounter methods (Lehman, 2004a; 2004b; Fragoso et al., 2013; Levi et al., 
2013), signs of their presence (Fragoso et al., 2013) and through hunting records (Read et al., 
2010). Levi et al., (2013), Fragoso et al., (2013) and Read et al., 2010) utilized data from a larger 
study, “Biodiversity Dynamics and Land-Use Changes in the Amazon: Multi-Scale Interactions 
between Ecological Systems and Resource-Use Decisions by Indigenous Peoples or Project 
Fauna”. Lehman (2004a; 2004b) made observations on primates using randomly-located and 
predetermined transect lines, and by paddling along river banks. Read et al (2010) obtained 
records of animal kills by Amerindian hunters pointing out areas on a map where they hunted, 
the method used and the species killed. Levi et al. (2013) and Fragoso et al. (2013) obtained data 
on the presence of herbivores from transects at fourteen study sites (see Section 5.2.3.2. below).  
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5.2.3.2.Direct Observations of Herbivores  
5.2.3.2.1. Study species description and surveying 
The unhunted primate species, Guianan red-faced spider monkey (Ateles paniscus paniscus) was 
used to assess the relationship between herbivores and their food sources and environmental 
variables. Spider monkeys are habitat specialists (Lehman, 2004a) that are almost always 
associated with undisturbed habitats (Lehman, 2004b). Throughout their range, spider monkeys 
favor forests at higher elevations that are not affected by seasonal flooding (Trolle, 2003), and 
lowland evergreen forest away from swamps (Lehman, 2004a; 2004b).The large body sizes of 
these primates translate to high caloric demands and large home ranges where they can locate the 
fruits that are the bulk of their diet (Collins and Dubach, 2000), but they also consume leaves, 
flowers and insects (Russo et al., 2005).  
 
The activities of spider monkeys were observed using the protocols described in Luzar et al., 
(2011) and Fragoso et al., (2013). At fourteen study sites, twelve Amerindian villages and two 
unhunted controls, (see Figure 2.1)  eight randomly located 4-km long transects, four each in two 
zones, near (0-6 km) and far (6-12 km), were sampled. The bearings of transects were also 
randomly generated, and transects were located at a minimum of 3 km apart. In rare instances 
where transects ran into a natural barrier, such as a cliff or river that made sampling unsafe, 
transects were turned at 900 to the right to complete its 4-km length. A two-person team, with 
one indigenous hunter (hunters hereafter) and one recorder native to the study site, observed each 
transect for spider monkeys between January and December 2008. Hunters observed for wildlife 
between 06:00 a.m. and 09:00 a.m. once per month. One hunter walked ahead of the recorder, 
assumed conditions of a hunt, including walking slowly and at noise levels that would have 
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allowed for a kill to be attempted, while giving the hunter a chance to observe spider monkey 
behaviour in their habitat. Hunters recorded the following observations of spider monkeys: the 
number of individuals, sex, presence of juveniles, distance along a transect where the observation 
was made, distance and bearing to the animal (s), evidence of feeding, and, if feeding, the plant 
species and plant part (e.g. fruits or leaves) being eaten, and the vegetation type within which 
observations were made. The location of each instance of a spider monkey observation, with the 
center of a group used in instances where groups were observed, was mapped in a GIS with the 
relevant attribute data recorded by hunters.   
 
5.2.3.2.2. Sampling and Selection of Food Sources 
All plants (trees greater than 25 cm dbh and mature palms (dbh of palms were not measured) 
were sampled within a 10-meter belt transect between July and December 2008 on transects (see 
Chapter 2). Trees were sampled from >25 dbh to avoid identification errors and as local 
knowledge suggested most species vigorously fruit from this size. During sampling plants were 
identified to the common name, and later to a botanical name using the literature (e.g. 
Roosmalen, 1985; van Andel, 2000; Iwokrama, 2008), and classified into one or more of four 
resource-use classes (wildlife food, commercial timber, traditional uses (non-timber forest 
products) and no known uses (see Chapter 2). The classification was guided by TK and the 
literature (e.g., Forte, 1996; Polak, 1992; Roosmalen, 1985; van Andel, 2000) and resulted in a 
list of plant species and herbivores for which they are food sources. Plants occupying more than 
one resource-use class were defined as multiple-use in four classes (commercial timber and 
traditional uses; wildlife food and commercial timber; wildlife food and traditional uses and; 
wildlife food, commercial timber and traditional uses (see Chapter 2). Trees and palms in the 
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latter three multiple-use classes included species that are spider monkey food sources. The 
location of multiple-use plants were also mapped in a GIS. 
5.2.3.2.3. Relationship between Spider Monkeys, Food Sources and Environmental Variables  
As hunters described the feeding activity of spider monkeys on fruits, to determine whether these 
activities may have occurred on multiple-use plants included in the inventory, high resolution 
remotely sensed data depicting plants along transects was used to estimate at what distance such 
feeding may occurred on mapped plants. Panchromatic imagery,  0.5-m pixels World View-2® 
and 0.8-m pixels Ikonos® (DigitalGlobeTM ) for Villages 1 and 19 (see Figure 2.1), acquired on  
31 December 2010 and 28 April 2011, respectively, were used to examine the relationship 
between spider monkeys and mapped food sources. Multiple-use species and spider monkey 
observation locations were overlaid on the imagery and an estimate made at what distance 
hunters recording may have related to plants in the inventory. It was estimated that spider 
monkeys observed within 20m of transects had a chance of being described as feeding on 
multiple-use plants. The distance estimated eliminated observations from Village 1 as all were 
beyond the 20m. The distance between spider monkey observations and the top ten most 
frequently closest food sources were tabulated and mean distances compared to determine 
whether spider monkeys were observed in closer proximity to any particular food source, and 
how these species were represented in the overall sample.   
 
As more than one spider monkey observation was made on the same transect on the same day, 
the spatial distribution of observation locations was used to determine whether these were 
independent events. Clustering of observations may suggest the hunters reported activities on the 
same groups of spider monkeys more than once. The spatial autocorrelation and clustering 
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analysis with Moran’s I (z-score of 1.33 and p-value of 0.18) and Getis-Ord (z-score of -1.51 and 
p-value 0.13) suggested little evidence for spatial clustering and it was assumed that each spider 
monkey observation was an independent event.  
 
To examine the relationship between spider monkey observations and food sources and other 
environmental variables relative to each observation the minimum linear distances between 
observation locations were determined. Observations were found to be located at a minimum of 
23m (for 2 observations), with all other observations beyond 25m apart. Based on this 
information a 50m buffer was placed around each spider monkey observation location to 
determine whether there were differences in habitat around spider monkey observation locations, 
allowing each observation to be treated as an independent event. Within each 50 m buffer the 
number of food sources by plant species, the mean dbh of plants, mean basal area (BA; BA= 
π.(0.5 dbh)2; Nunes, 1995), and species richness using Shannon evenness (Hayek and Buzas, 
1997; Magurran, 2004) were computed. As dbh of palms were not measured at the time of 
sampling, I used my experience working with palm species to estimate a dbh for BA 
computation. Estimates were made as follows: Astrocaryum aculeatum and Attalea maripa at 
20cm dbh, Euterpe oleracea, Oenocarpus bacaba, and Oenocarpus bataua at 15cm dbh. For 
each forest type within the 50m buffers, plant species data were used to compute Shannon’s 
diversity. Following Magurran (2004), Shannon evenness was computed as follows: 
Shannon eveness:  H' = - ∑𝑝𝑖 𝑙𝑛 𝑝𝑖  
where 𝑝𝑖 is the proportion of individuals found in the ith species.  
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Forest type (see Table 3.2), NDWI and NDVI were extracted from a vegetation map (Chapter 3), 
and NDWI and NDVI layers respectively, for each spider monkey observation location. A 
Poisson regression model was fit to the spider monkey abundance data as the dependent variable, 
with food source diversity, forest type, elevation, basal area, NDWI and NDVI as independent 
variables. The Poisson distribution model was chosen as hunters observed a count of spider 
monkeys on each occasion. Through a series of nested models and tests for over-dispersion 
(Kabakoff, 2011) the optimum fitting model (using the lowest Akaike Information Criterion, 
AIC) was determined. Abundance of spider monkeys across forest type was compared using 
Kruskal-Wallis test, with the pgirmess package in R version 12.2.1 for Windows (R Core 
Development Team, 2012). Indeed, all statistical analyses were completed in R.  
 
5.3. RESULTS 
5.3.1. Herbivores in the Literature  
The literature, Lehman (2004a, 2004b); Levi et al.,(2013); Fragoso et al., (2013); and Read et 
al., (2010) showed that herbivores, both hunted and unhunted, critical to the life-cycle of 
multiple-use plant species are present within the Rupununi landscape (Table 5.1). The sources 
reported on different aspects of species presences. Of the nine unhunted species listed in Section 
5.2.3.1 Lehman (2004a) reported on the sighting frequency, geographic range, habitat and 
dietary breadth (the range of food sources consumed) of all but Cebus albifrons, in the forests of 
Guyana. Lehman (2004b) reported that besides white-faced capuchins, all the other primates 
occurred within the forests of the study area. But, Lehman (2004b) suggested a limited  
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Table 5.1: Presence of herbivores (hunted and unhunted) critical to the life cycle of multiple-use 
tree species in the Rupununi as reported in the literature based on hunting records and 
observation data. 
 Animal Species Hunting records  Direct encounter/detection through 
signs 
H
u
n
te
d
 s
p
ec
ie
s 
Agouti Read et al., 2010 Fragoso et al., 2013 
Paca Read et al., 2010 Fragoso et al., 2013 
White-lipped peccary Read et al., 2010 Fragoso et al., 2013 
Collared peccary Read et al., 2010 Fragoso et al., 2013 
Red Brocket Deer Read et al., 2010 Fragoso et al., 2013 
Red Footed Tortoise Read et al., 2010  
White Tailed Deer Read et al., 2010  
Lowland Tapir Read et al., 2010 Fragoso et al., 2013 
Acouchi Read et al., 2010 Fragoso et al., 2013 
Black curassow Read et al., 2010 Fragoso et al., 2013 
Marail guan Read et al., 2010 Fragoso et al., 2013 
 
   
U
n
h
u
n
te
d
 s
p
ec
ie
s 
 
Brown capuchin 
monkeys 
 Lehman, 2004a; 2004b; Levi et al., 
2013 
Wedged-capped 
capuchin 
 Lehman, 2004a; 2004b; Levi et al., 
2013 
Squirrel monkeys  Lehman, 2004a; 2004b ; Levi et al., 
2013 
Guianan Red-Faced 
Spider Monkeys 
 Lehman, 2004a; 2004b 
Red Howler  Lehman, 2004a; 2004b 
Brown bearded saki  Lehman, 2004a; 2004b 
White-faced saki  Lehman, 2004a; 2004b 
Golden-handed tamarin  Lehman, 2004a; 2004b 
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distribution for the golden-handed tamarin, with observation restricted to Villages 21 and 22 
(Figure 5.1). Further, Lehman noted that red howler, wedge-capped capuchin and white-faced 
saki occur throughout Guyana, with the other six species observed only in parts of Guyana. 
Lehman (2004a) also noted that in accordance with the wide geographic range of the red howler, 
wedge-capped capuchin and white-faced saki, these species were observed more frequently, and 
had wider dietary breath.  
 
Levi et al.’s, (2013) data, covered two years of sampling effort and observed 219 squirrel 
monkeys, 764 brown capuchins, and 500 wedge-capped capuchins. They found evidence of 
biotic interactions (facilitation) with the presence of squirrel monkeys positively correlated with 
the abundance of brown capuchins, and squirrel monkeys were rarely observed or even absent on 
transects without brown capuchins. The relationship between brown capuchins and wedge-
capped capuchins, on the other hand, exhibited competition and were highly nonlinear. Spider 
monkeys and brown capuchins had preference for similar habitats, suggesting that environmental 
degradation and management efforts aimed at one species may similarly impact the other. 
Fragoso et al., (2013) reported density estimates based on both direct encounter and 
signs data for more than ten species (Table 5.1). Fragoso et al., (2013) found that sign data 
provides a better estimate of herbivores presence in the landscape when compared to direct 
encounter data. Further, their analysis suggested that using only direct encounter methods 
underestimates the presence of herbivores and may lead to the conclusion that these are being 
overhunted. 
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5.3.2. Spider Monkey Observations 
Spider monkeys were observed within 20 m of transects on 126 of the 254 instances recorded by 
hunters in 2008. The 126 observations amounted to 436 individuals of which 117 were males and 
161 females (the sex of the remaining 158 individuals was unknown; Figure 5.2). There were 41 
juveniles observed among groups. The number of individuals observed ranged from one (9 
occasions) through to groups of twelve (3 occasions), with a mean of 3.7 and standard deviation 
of 2.4. Larger groups were more likely to have juveniles associated with them, and of the 32 
instances where juveniles were observed, only on two occasions was a female not included in the 
group (the sex of group members was unknown on these occasions). Spider monkey activities 
included feeding or browsing for food (28% of observations), with their food sources known on 
8 % of observations and unknown or unstated on 20% of observations (Figure 5.2). Spider 
monkey activities were not stated for 72% of observations and as noted for primates’ elsewhere, 
may have included travelling (within and between tree crowns), resting (when the animals were 
awake but motionless (Nunes, 1995; Milich, 2012)), mating or grooming (Milich, 2012).  
 
5.3.3. Spider Monkey Proximity to Food Sources  
The interaction between spider monkeys and their food sources was assessed through the 
instances where hunters noted feeding on known fruits; and in the cases where the food was 
unknown, but the description of the fruits being eaten was provided. Of the 8 % of observations 
where feeding was observed by hunters, or 10 occasions, only on three occasions were the food  
source species the closest plant to that observation, suggesting the possibility that spider 
monkeys were feeding on the fruits of these mapped plants at the time of observation. Using the 
closest multiple-use food source to spider monkey observations, of the 126 observations, twenty-  
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Figure 5.2: Demographic breakdown for spider monkeys in the sample (top) and the activities in 
which they were engaged over the year (bottom).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
one multiple-use food species were closest across the study areas. The mean distance between 
food sources and spider monkey observations was 21.5m with 10 species that were most  
Feeding- known fruits 
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Table 5.2: Spider monkey food sources with mean distance to observation locations and 
frequency of being the closest food source to observations. 
Species Mean distance to 
observations (m) 
Frequency Rank 
Asepoko 26.5 11 3 
Baromalli 22.8 28 1 
Black Kakaralli 18.3 7 5 
Bulletwood 16.5 20 2 
Kautaballi 19.4 5 7 
Kokerite 27.3 6 6 
Kurokai 40.7 5 8 
Lu 16.2 5 9 
Maporakon 14.5 9 4 
Tauroniro 6.5 3 10 
 
frequently the closet to spider monkey observations presented in Table 5.2. The top ten species 
included Baromalli (Catostemma commune), Bulletwood (Manilkara bidentata) and Asepoko 
(Pouteria guianensis) which were among the most abundant species in the inventory. Indeed, 
with the exception of Lu, the top ten species were among the most abundant multiple-use plants 
species recorded across the study area (see Chapter 2).  
 
5.3.4. Spider Monkey Distribution Relative to Food Source Availability and Environmental 
Variables  
Of the trees and palms in the multiple-use classes wildlife food and commercial timber; wildlife 
food and traditional uses and; wildlife food, commercial timber and traditional uses, 88 groups 
(identified to the genus or species level) were identified through TK and the literature as food 
sources for primates (but not all were clearly associated with spider monkeys).  Of these, 60 
groups in 26 families (Appendix 5) were included within the 50 m buffers established around 
spider monkey observation sites.  The plant families with the highest number of food source 
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were: Sapotaceae (5 species), Chrysobalanaceae (4 species), Anacardiaceae (3 speceis), 
Mimosaceae (3 species) and Palmae (3 species).  
 
Food sources were distributed across all six forest types (see Table 3.2 for descriptions and 
abbreviations), with the majority (69%) distributed between LHF and SFM. The proportion of 
food source by forest type may be summarised as follows: 
 SFM - 32% 
 LHF - 37% 
 LMH - 6% 
 UHF - 9% 
 ULF - <.1% 
 MMF - 16% 
In an apparent response to the presence of food sources within forest types, the number and 
instances of spider monkey observations were also highest in the LHF and SFM areas (Table 
5.3), followed by MMF. Further, the diversity of food sources present within forest types 
followed a similar pattern (Table 5.3), with Shannon’s index suggesting a slightly higher 
diversity in LHF (1.33) than the SFM (1.17) and LMH (1.18).  However, a Kruskal-Wallis test 
suggested no significant differences in spider monkey abundance between forest types (p = 
0.78). The mean basal area, an indication of biomass and hence the productivity of fruiting trees 
within these forest types (Nunes, 1995), was highest for the LMH (Table 5.3). A Kruskal-Wallis 
test suggested significant differences in mean basal area between SFM and LMH; LHF and LMH 
and; LMH and MMF (p<0.005). Shannon’s diversity and vigor did not vary significantly  
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Table 5.3: Spider monkey sightings with the food species diversity, number of food species, basal area, moisture and vigor per forest 
type at sighting locations. 
Forest Type Spider Monkeys 
Sightings /Instances 
Number of 
food species 
Shannon 
diversity index 
Basal Area 
(cm; mean) 
 Mean 
Moisture 
 Mean 
Vigor 
 
SFM 126/34 45 1.17 1155  0.7  0.94  
LHF 132/43 44 1.33 1354  0.69  0.94  
LMH 34/6 19 1.18 2116  0.69  0.91  
UHF 57/13 26 1.01 1341  0.68  0.93  
MMF 85/21 34 1.34 1452  0.69  0.94  
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(p>0.05) between forest types, but significant differences were observed in moisture between the 
SFM and UHF, and SFM and MMF (p<0.002). 
 
5.3.5. Predicting the Distribution of Spider Monkeys  
Four variables: elevation, moisture, vigor, and diversity of food sources, significantly influenced 
the abundance of spider monkeys (Table 5.4) across the study area. As the vegetation map was 
completed using a merged ASTER DEM and Landsat imagery (see Chapter 3), and elevation and  
forest type were highly correlated (0.85), elevation was used as a proxy for forest type in 
predicting the abundance of spider monkeys (Table 5.4). Taken individually, only vigor was 
found to significantly influence the abundance of spider monkeys. The Poisson model had an 
over-dispersion ratio of 1.22 (the desired ratio is <1;Kabakoff, 2011), but fitting quassipoisson 
models to the data suggested the same variables influencing the abundance and distribution of 
spider monkeys across the study area.  
 
Table 5.4: Environmental variables and their influence on the distribution of spider monkeys, p-
value (m) are values for variables included in a nested model, while p-value (a) is the influence 
of each variable taken separately.   
Environmental Variable Coefficients p-value (m)  p-value (a) 
Moisture (NDWI) 7.63   0.0036 0.368 
Vigor (NDVI) -5.35 0.0044 0.041 
Elevation  0.00   0.0023 0.124 
Diversity of fruit trees -0.18   0.0289 0.198 
Basal Area (BA) -0.00   0.4519 0.838 
217 
 
 
 
5.4. DISCUSSION 
5.4.1. Herbivores in the Literature  
The published literature on the presence of herbivores within the study area provided meaningful 
insights for the life cycle stages (Figure 5.1) of multiple-use plants. While the five sources 
presented results on different aspects of herbivore ecology, the work of Read et al. (2010); 
Fragoso et al., (2013) and Levi et al., (2013) may serve as important baseline situations for 
herbivores. Read et al., (2010) for example, reported on the factors that influenced hunters’ 
decisions in completing a kill, while providing an indication of the effort required to hunt. These 
studies and the data presented, can be used to compare future scenarios of hunting, including 
whether Amerindian hunting efforts are changing. Increases in hunting effort will signal risks to 
native herbivores, and hence the life cycle characteristics of multiple-use species. Similarly, the 
estimates of densities of herbivores reported by Fragoso et al., (2013) and Levi et al., (2013) can 
be compared to future estimates of densities to determine whether these have changed. Declining 
densities of herbivores may signal that the life cycle stages of multiple-use species is being 
compromised.  
 
5.4.2. Spider Monkey Observations and Food Species  
The results (Table 5.3) showed that spider monkey abundance varied across forest types as food 
source diversity varied. Others, including Milich (2012) and Lehman (2004a; 2004b) have found 
that primate species abundance and distribution varied as forest types and other habitat attributes 
varied as well. Milich (2012) reported that even when habitats were degraded due to logging, 
leaving less desirable food sources for female red colobus monkeys, this species adjusted their 
diet to make use of the available food sources. In my study, conducted primarily in old-growth 
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tropical forests, the number of multiple-use plant species attributed by TK and the literature as 
food source for spider monkey were similar to those reported for other primate species elsewhere 
(e.g., Milich, 2012; Nunes, 1995). In the case of white-bellied spider monkeys, Nunes (1995), 
found that 53 plant species provided food for these primates. Milich (2012) noted that the red 
colobus fed on 51 different species across old-growth and logged forest habitats. In this analysis, 
60 species (Appendix 5) were located within the 50m buffers around spider monkey observation 
locations across the study area. But, TK and the literature identified at least 80 species as 
associated with the diet of spider monkeys. Further, in addition to highlighting a wider range of 
plant species, this analysis showed that spider monkey food sources are found within three 
multiple-use classes (Appendix 5), which has different implications for primate conservation and 
management. Land-use change, such as commercial logging, will have different impacts to those 
caused by gold mining, where all trees are removed, or harvesting of plants for NTFPs by 
indigenous peoples. Therefore, further analysis is required for plants in each multiple-use class 
and the implications for the diet of spider monkeys, and as an extension their ecological roles.   
 
Further, despite different methods used to obtain data on spider monkey presence and abundance 
from others such as Milich (2012) and Nunes (1995), the results (Figure 5.2) on primate 
activities were very similar. Figure 5.2 suggested that spider monkeys spent similar times 
feeding as primates observed elsewhere. For example, Nunes (1995) found that white-bellied 
spider monkeys (Ateles belzebuth belzebuth) spent 45 % of daily activity period resting and 
sleeping, 36 % moving and 18 % feeding. Milich (2012) found that the red colobus (Procolobus 
rufomitratus) spent 35 % of their time feeding in old-growth forests and 46 % in logged forests. 
These results (Figure 5.2) showed that spider monkeys fed or browsed for food 28% of the time 
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under observation, with 72% their activity was unknown. The differences in times dedicated to 
particular activities are likely due to both differences in food availability and habitats, but also 
methodology. It is possible that a hybrid approach, utilizing some aspects of methods used by 
others such as Lehman (2004a; 2004b), Milich (2012), and Nunes (1995) and indigenous hunters 
can be developed. Such hybrids are critical especially in Neotropical settings where the role and 
continuous involvement of scientists is not feasible and where indigenous peoples are seen as an 
alternative.   
 
5.4.3. Predicting Spider Monkey Distribution  
Using the IFD as a backdrop, given the distribution of food sources, moisture, vigor, diversity, 
and number of food species attributed to the various forest types (Table 5.3), it was expected that 
the SFM and LHF would have similar abundance of spider monkeys. Similarly, given the similar 
food species diversity, number of food tree species, moisture and vigor, that these two forest 
types may have had similar capacity to support spider monkeys. The Kruskal-Wallis test 
confirmed this initial observation, suggesting that the abundance of spider monkeys were not 
significantly different by forest type. The lower abundance of spider monkeys in the other forest 
types seem to reflect the potential for nutrient intake within these habitats, and spider monkey 
abundance followed the potential for food availability in these habitats. These observations seem 
to support the conditions to the IFD (Fretwell and Lucas, 1969; Collins et al., 2002), where forest 
types with similar habitat characteristics (Table 5.3) supported similar numbers of spider 
monkeys, and less favourable habitats supported smaller numbers. My observations, using the 
distribution of spider monkeys by forest types, contrasted findings by such as Lehman (2004a), 
and Trolle (2003) and showed that spider monkeys are equally likely to favor SFM, as forests at 
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higher elevations. The fact that spider monkeys favored seasonally flooded forests may be due to 
the availability of food here, including swidden agriculture plots where food may be readily 
available.  
 
5.5. CONCLUSIONS 
This paper set out to assess the status of herbivores that disperse fruits and seeds of multiple-use 
plant species within the Rupununi, Southern Guyana, and determine what factors influence the 
presence of herbivores. As a part of ecological risk assessment (Keith et al., 2013), the presence 
of native biota within an ecosystem can signal strong ecological functioning, as the native biota, 
in particular herbivores, are critical for various life cycle stages of multiple-use plant species. 
The literature for the Rupununi, Southern Guyana suggested that the native herbivores are 
present in the landscape. The densities reported in the literature published and unpublished in the 
past decade on herbivore presence, densities, and rates of hunting, will serve to inform future 
positions as to whether the populations of these wildlife are changing. The abundance and 
distribution of spider monkeys was related to forest types (using elevation as a proxy), diversity 
of food sources, moisture and vegetation vigor across the Rupununi landscape. 
 
The methods used for observing spider monkey populations in this study, where Amerindian 
hunters noted their activities within habitats, provided similar results as studies on primates 
elsewhere (e.g. Milich, 2012; Nunes, 1995) in the Neotropics. A higher number of plant species 
were attributed by TK and the literature as spider monkey food sources when compared to 
studies completed elsewhere in the Neotropics for other primate species (Nunes, 1995; Milich, 
2012). Since, higher abundances of spider monkeys were observed in habitats that had the higher 
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potential to supply food as measured by multiple-use plant species, commercial logging targeting 
these multiple-use species will have implications for spider monkey populations and life cycle 
stages of plants themselves.  The results suggest that special consideration should be given to 
species in SFM and LHF types, as higher number of spider monkeys were observed here. 
Logging has already been shown to increase pressure on primates in other settings (e.g. Milich, 
2012), forcing them to consume less desirable food. The management of forests, therefore, aimed 
at the sustainability of indigenous subsistence activities, will likely include benefits to primate 
populations and hence safeguard herbivores critical to dispersing fruits and seeds of multiple-use 
plant species. Plant removal in both commercial and traditional livelihood activities should be 
monitored as these may have implications for wildlife food populations that are critical to the life 
cycle of these very species.  
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Appendix 5: Spider monkey food species as distributed by multiple-use species classes, 
families and species  
Multiple-Use Class Family Common 
name  
Species Abundance 
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Lecythidaceae Black 
Kakaralli 
Eschweilera 
subglandulosa 
27 
Myristicaceae Kerikowa Iryanthera lancifolia 8 
Lecythidaceae Werimiri 
Kakaralli 
Lecythis confertiflora 10 
Guttiferae Kaslego Platonia insignis 6 
Sapotaceae Suya Pouteria speciosa 5 
Papilionoideae Itikiboroballi Swartzia benthamiana 1 
Myristicaceae Hill Dalli Virola michelii 3 
Verbenaceae Hakiaballi Vitex stahelii 1 
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Anacardiaceae Hubudi Anacardium 
giganteum 
18 
Palmae Akayuru Astrocaryum 
aculeatum 
1 
Palmae Kokerite Attalea maripa 37 
Malpighiaceae Hicha Byrsonima spp. 1 
Moraceae Congo pump Cecropia spp. 10 
Ebenaceae Barabara Diospyros ierensis 4 
Annonaceae Yari Yari Duguetia spp. 4 
Palmae Manicole Euterpe oleracea 16 
Apocynaceae Sinkola Geissospermum spp. 33 
Mimosaceae Inga spp. Inga spp. 42 
Chrysobalanaceae Marishiballi Licania densiflora 2 
Chrysobalanaceae Kauta Licania laxiflora 22 
Palmae Trulli Manicaria saccifera 1 
Palmae Lu Oenocarpus bacaba 22 
Palmae Turu Oenocarpus bataua 2 
Violaceae Adebero Paypayrola longifolia 1 
Sapotaceae Asepokoballi Pouteria caimento 2 
Sapotaceae Kakarua Pradosia 
schomburgkiana 
48 
Burseraceae Haiawa Protium spp. 21 
Anacardiaceae Plum Spondias mombin 14 
Sterculiaceae Maho Sterculia pruriens 18 
Papilionoideae Bowwood Swartzia arborescens 2 
Anacardiaceae Duka Tapirira guianensis 2 
Annonaceae Rough Skin 
Arara 
Unonopsis 
glaucopetala 
4 
Annonaceae Black Maho Xylopia spp. 3 
Annonaceae Kuyama Xylopia spp. 4 
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Annonaceae White 
Kuyuma 
Xylopia spp. 1 
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Mimosaceae Huruasa Abarema jupunba 8 
Moraceae Cowwood Bagassa guianensis 5 
Moraceae Letterwood Brosimum spp. 20 
Meliaceae Crabwood Carapa guianensis, C. 
procera 
20 
Bombacaceae Baromalli Catostemma commune 85 
Boraginaceae Freijor Cordia alliodora 3 
Goupiaceae Kabukalli Goupia glabra 16 
Humiriaceae Tauroniro Humiria balsamifera 13 
Caesalpiniaceae Locust Hymenaea courbaril 2 
Mimosaceae Maporakon Inga alba 27 
Lecythidaceae Wina 
Kakaralli 
Lecythis corrugata 4 
Lecythidaceae Monkey Pot Lecythis zabucajo 7 
Chrysobalanaceae Kautaballi Licania alba and L. 
majuscula 
17 
Sapotaceae Bulletwood Manilkara bidentata 71 
Lauraceae Silverballi Ocotea spp., Aniba 
spp. 
20 
Chrysobalanaceae Burada Parinari campestris 22 
Caesalpiniaceae Purpleheart Peltogyne spp. 24 
Sapotaceae Kokoritiballi Pouteria cuspidata 12 
Sapotaceae Asepoko Pouteria guianensis 31 
Burseraceae Kurokai Protium decandrum 11 
Simaroubaceae Simarupa Quassia simarouba 5 
Simaroubaceae Angelina 
Rock 
Quassia spp. 2 
Papilionoideae Wamara Swartzia leiocalycina 103 
Myristicaceae Swamp Dalli Virola surinamensis 1 
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CHAPTER 6: CONCLUSIONS 
SUMMARY AND SYNTHESIS OF FINDINGS  
In this dissertation, the role of tropical multiple-use plants, trees and palms, in providing food for 
wildlife, NTFPs for indigenous and forest dwelling peoples’ and commercial logging was 
examined. The landscape of the Rupununi, Southern Guyana, was an ideal place to examine 
these various forest uses and indeed the ecosystem services provided by forests as TK on 
services associated with plant species is still intact, and the study area has undergone limited 
LUCC. Further, the study area presented a diversity of land tenure classes allowing for the 
potential ramifications of the spatial distribution of multiple-use species across tenure classes on 
the sustainability of the services they provide to be assessed.  
 
Chapter 2 used a sample of plants from the Rupununi, to examine the various resources uses 
(ecosystem services) associated with each species. I presented a definition for multiple-use plant 
species within the context of the study area, but one that is also relevant to wider Neotropical 
settings. Through a classification of plants into one or more resource-use classes, that is, wildlife 
food, commercial timber, traditional uses, or no known uses, using the literature and TK, the 
intersections between these resource-use classes in single plant species resulted in four multiple-
use classes of plants. The multiple-use classes were: wildlife food and commercial timber; 
commercial timber and traditional uses; wildlife food and traditional uses; and, wildlife food, 
commercial timber and traditional uses. I presented data on the characteristics of the plant 
species (or genus in many cases) in each class and an assessment of the implications of their 
inclusion in a class for their sustainable management. I argued, that with more than 81% of 
plants classified as multiple-use, such plants are the foundation of the Rupununi ecosystem, and 
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by extension Neotropical forests. Each multiple-use class represents a different way in which 
plant species are utilized in tropical settings, suggesting that the impacts of LUCC is much more 
complex that simply a reduction in forest area. The removal of species that provide food for 
wildlife, NTFPs for Amerindians and are commercially logged, for example, will have 
implications for all resource uses within a locale. Further, through what I term an initial probe 
into forest structure, I showed that the size-class distribution of trees in the Rupununi have a 
strong likeness to the reverse-J curve, suggesting that these species have the ability to sustain 
their populations and have experience little disturbance in the past. As previous efforts aimed at 
the management of species with multiple uses in the Rupununi explicitly identified three 
“special” species, my analysis showed that there are many more than three “special” species 
requiring urgent management attention. As common property resources, I urged that the 
sustainable management of multiple-use plants species need to be appropriately developed, with 
inputs from each group of forest user.  
 
Chapter 3 used the knowledge of Amerindian hunters to develop a vegetation map of the 
Rupununi study area and began the process of understanding the distribution of multiple use 
species in different forest types. Vegetation maps, and forest types definition, are historically 
presented from the perspective of experts (for example ecologists, geographers, and botanists) 
with the map-making process often ignoring local-level managers, such as Amerindians who are 
nevertheless impacted by management decisions derived from such maps. Indigenous hunters, as 
resource managers, have strong connections to their landscapes and their descriptions of 
vegetation within their homelands were used to guide the map-making process. Merged Landsat 
TM and ASTER DEM data were classified to create an eleven-class vegetation map based on 
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hunters’ vegetation descriptions. This chapter showed that indigenous hunters can be critical 
partners in defining vegetation, with their descriptions proving useful in completing a vegetation 
map of the study area. The descriptions of Amerindian hunters relied on their interactions with 
the biophysical environment, drawing on how elevation in particular impacts their movements 
within their landscape for traditional activities such as hunting. An eleven-class vegetation map 
was produced as an alternative, both in what it depicts and the methods for its creation, to expert 
produced maps. Because the final map depicts vegetation types that are important to indigenous 
peoples, its adoption in resource management will allow for Amerindian people involvement in 
critical decision-making processes towards the sustainable management of multiple-use plant 
species and the ecosystem services they provide.  
 
Chapter 4 examined the landscape-scale factors that are associated with the distribution of 
multiple-use tree species. In an effort to go beyond the frame of reference of forest type for 
examining ecological parameters, such as size-class distributions and abundance, of plant 
species, I showed that landscape diversity, as defined by the number of land tenure that are 
typical of Neotropical settings, is perhaps a more meaningful lens for examining the distribution 
of multiple-use plant species. I showed that forest type is important for defining size-class 
distributions within tenure classes, but for landscape-scale management, land tenure classes are 
perhaps more critical as efforts aimed at resource extraction and management are dictated by 
tenure holdings and their ideals for resource management. Further, where a larger pool of 
multiple-use species and their cultural and ecological significance is considered, land tenure 
classes provide a better sense of where such species may be vulnerable to the impacts of LUCC, 
and the factors that must be considered in their sustainable management.   
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Chapter 5 examined the status of herbivores, hunted and unhunted, that are critical to the life 
cycle stages of multiple-use plants by dispersing their fruits and seeds. In the context of the 
Rupununi, there are hunted and unhunted herbivores, with a number of hunted species involved 
in the life cycle stages of multiple-use plant species. The absence of herbivores from these 
forests therefore, is symptomatic of ecological risk, and will have implications for the life cycle 
of multiple-use plant species. The presence of herbivores, hunted and unhunted, was examined 
through a review of the literature, while abundance of the unhunted but vulnerable Guianan red-
faced spider monkey (Ateles paniscus paniscus) was modeled relative to environmental 
variables. Ateline primates, because of their sensitivity to habitat changes serve as a reliable 
proxy for understanding whether ecological processes are being compromised. The literature 
suggested that native herbivores expected to be in the landscape are being detected and provided 
data that may serve as a baseline position for future assessments of the status of herbivores. I 
showed that spider monkey abundance and distribution were influenced by forest type, food 
species diversity, elevation, moisture and vegetation vigor, and appeared to conform to the 
assumptions of the ideal free distribution (IFD) model. Forest types with similar number and 
diversity of multiple-use plant species supported similar abundance of spider monkeys. I 
suggested, given that the abundance of monkeys was related to the number of food sources, that 
resource extraction activities such as commercial logging and traditional practices such as 
fuelwood gathering, will lead to impacts on spider monkey populations, with implications for the 
sustainability of multiple-use species and the manifold ecosystem services they provide.  
 
Together, my findings suggest that additional work is required on multiple-use plant species, 
including identifying additional species and defining the range of ecosystem services associated 
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with each. Such studies will allow for a more comprehensive appreciation of what is lost as 
tropical forests are removed. In addition to the role of plant species in providing timber and 
NTFPs, it is critical that an appreciation of their role in interactions with wildlife and indigenous 
peoples’ be understood. Therefore, the discussion on sustainable tropical forest management 
which appears affixed on the dominant themes of timber and NTFP extraction, and carbon 
sequestration, needs to pivot more towards including the role of indigenous peoples and their 
livelihood activities and how LUCC will impact these interactions. The forests of Guyana and 
the Rupununi, like those in Brazil, represent some of the last remaining areas of intact old-
growth tropical forests. Efforts aimed at keeping these forests intact will have implications 
beyond carbon sequestration, including safeguarding the livelihoods of people who depend on 
them on a daily basis.  
 
FUTURE DIRECTIONS 
This dissertation contributed to our understanding of the various ecosystem services tropical 
plant species provide, primarily from the perspective of indigenous peoples. Furthermore, it 
provides evidence that indigenous peoples can be reliable partners in tropical forest management, 
and highlights a need for including a wider frame of reference for viewing the actual impacts of 
tropical forest loss. A number of future directions for research are possible based on this current 
research. I highlight a few below.  
1. For some scholars, the role of indigenous people in tropical landscapes remains contentious 
as they remove trees in swidden agriculture and even for NTFPs extraction. This impact on 
tropical forests has been essentially ignored by scholars examining the role of indigenous 
peoples in tropical forests (e.g. Posey, 1987; Denevan, 1992). Future work quantifying the 
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impacts of indigenous peoples on tropical forest loss, in terms of how they remove trees and 
palms in traditional activities, and how these compare to impacts from commercial activities 
such as commercial timber extraction and gold mining will improve this understanding. Such 
work is critical, and will help to inform emerging models of paying for forest services such 
as REDD+ where indigenous peoples’ role in protecting tropical forests may be debated.   
2. Further studies are also required on the physical environmental factors associated with the 
distribution of multiple-use tree species, and how these may predispose species to 
exploitation in commercial logging, gold mining, and other extractive industries. For each 
species, statistical models may be used to develop probabilistic distribution ranges to assess 
where a species is likely distributed and whether the areas that appear suitable for their 
distribution are already being impacted by LUCC, such as gold mining. This analysis will 
allow for an assessment of the role protected areas, for example in the context of the 
Rupununi where two exists, play in protecting vulnerable species.  
3. Much of the focus in this study, especially on the landscape-scale distribution of multiple-use 
species focussed on plants in the multiple-use class: wildlife food, commercial timber and 
traditional uses. Further studies are required on plants in the other multiple-use classes, to 
determine the impacts that tenure classes and other landscape-scale variables may have on 
their distribution. For trees that provide food for wildlife and traditional Amerindian 
activities, for example, such an analysis will provide insights into how these species may be 
impacted by tenure classes and the management practices associated with these classes.  
4. Beyond Chapter 2, the functions and distribution of palm species were not considered in 
great detail in this dissertation.  Palms species are however critical to the subsistence of 
Amerindians as they provide materials for thatching roofs, and basketry for making their 
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staple cassava into food, and is a means through which many households earn cash. Yet, tree 
species tend to gain most of the attention for human impacts, primarily because tree stems 
can be easily transferred to cash for local and multinational corporations alike, and are 
perhaps more noticeably missed in the landscape. A study focusing on the distribution of 
palms and how these may be impacted by landscape-level factors will have implications for a 
wide range of forest dwelling peoples, allowing a better appreciation of factors that directly 
impact livelihoods and how these may be managed.  
5. The multiple uses associated with trees and palms in this study focussed on the main 
interactions of their uses, that is, for commercial timber, NTFPs, and wildlife food. However, 
additional layers exist to their services, including, for instance, a species being of importance 
as food to more than one species of wildlife, both hunted and unhunted. Appreciating these 
layers of importance of a species may lead to a valuation of species based on the services 
each provides. A system of valuing species can be proposed which may allow for a better 
appreciation of what is lost in tropical forests as these areas undergo LUCC. The multiple 
uses attached to each species sampled in the Rupununi is referenced in Chapter 2, but 
represents an area for additional analysis. Such future work is timely as scholars elsewhere 
(e.g. Mayaux et al., 2013) are providing data that may lead to comparison of tropical forests 
and their value as carbon sinks. Mayaux et al., (2013) for example suggested that trees in the 
Congo Basin are larger than those of South America and Asia, which translates to higher 
potential for storing carbon. Developing the full value of tropical forests and plant species 
within them for Guyana and Rupununi forests will allow for their value to be appreciated in 
forthcoming debates over valuing forests for their ecosystem functions and services.  
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